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CHAPTER 1. GENERAL INTRODUCTION 
Introduction 
Aquaculture can be categorized as either extensive or intensive. Different definitions 
of these terms have been given, but a general definition given by Avault (1996) applies the 
term extensive aquaculture to situations when natural productivity of the pond is relied on for 
production of a forage base for the culture organisms. Intensive aquaculture is when 
formulated feeds are offered to the culture organisms as either a supplemental or complete 
food source. 
Extensive aquaculture has a long history and was first attempted centuries ago in 
Chinese carp ponds (Avault 1996). The reasoning behind fertilization of production ponds is 
the same as fertilization of terrestrial crops and grasses - to increase primary production by 
addition of nutrients which, in turn, allows for increased production of livestock (Boyd 
1990). In simple terms, when thinking of a production pond as comaining a food chain, 
fertilizers added to production ponds provide nutrients to phytoplankton, which in turn 
provide the forage base for zooplankton, which are then consumed by fish. Therefore, 
additional fertilizers increase the energy transferred up the food web to the fish. 
Both organic and inorganic fertilizers have been used in production ponds. Organic 
fertilizers, e.g., manure and plant materials, stimulate the heterotrophic food web generating 
a larger decomposer community, which can be directly used by zooplankton as a food source 
and, at the same time, provide a slow release of inorganic nutrients to algae (Geiger 1983a; 
Clouse 1991). Organic fertilizers are thought of as stimulating the food web rather than the 
food chain because they supply the inorganic release of nutrients for use by the 
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phytoplankton and directly supply nutrients for bacteria, fungi and protozoans. Organic 
fertilizers should have a low carbon.-nitrogen ratio and have fine particle sizes to allow rapid 
decomposition (Geiger and Turner 1990). The use of organic fertilizers may cause dissolved 
oxygen and ammonia problems during the initial decomposition. 
Inorganic fertilizers, on the other hand, provide rapid doses of nitrogen and 
phosphorus, which stimulate the autotrophic food chain enhancing phytoplankton production 
that can be used by zooplankton (Geiger 1983a; Boyd 1990; Geiger and Turner 1992; Clouse 
1991). The inorganic fertilizers used in aquaculture are the same as those used to fertilize 
agricultural crops. Nitrogen, phosphorus and potassium are the primary nutrients in 
fertilizers; these three nutrients are labeled on the fertilizer packaging to reflect the 
percentages by weight of nitrogen (as N), phosphorus (as P2O5) and potassium (as K2O) 
(Boyd 1990). 
Regardless of the type of fertilizer is used, nitrogen and phosphorous components are 
the most important to aquatic systems. Nitrogen and phosphorus are the two nutrients that 
are most limiting in aquatic systems, although at different times during the culture season and 
for different plankton species. Potassium, the third major element contained in fertilizers, is 
one of the essential nutrients, but it is usually in excess in culture ponds and is not limiting. 
Therefore, additions of potassium are generally not important for increased fish production 
(A vault 1996). 
Extensive aquaculture is still practiced in many parts of the world, especially Asia 
and Afiica (Knud-Hansen 1998). In the United States, extensive aquaculture is used to some 
degree for cultivation of fish to adult size that are low on the food chain, e.g., tilapia {Tilapia 
spp.). However, extensive aquaculture in the United States is very common for certain 
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specific life stages of fish. The larvae of species such as walleye {Stizostedion vitreum), 
sauger (S. canadense), saugeye {S. vitreum x S. canadense), northern pike {Esox lucius), and 
hybrids of striped bass and white bass (Morone saxatilis \ M. chrysops or M. chrysops x M 
saxatilis) have a zooplanktivorous life stage. Natural zooplankton production is commonly 
reUed on to grow these fish to juveniles because it can be difficult to get fish to accept 
formulated feeds at this stage. 
These fish are stocked into ponds as soon as, or shortly after they hatch. Initially, the 
fish have a yolk sac that provides nutrients for growth and development. However, as the 
yolk sac is used up, there is a critical period in their development where they must switch 
fi-om endogenous to exogenous feeding. Zooplankton populations of a body size small 
enough for the fish to consume must be present in sufficient numbers at this critical period or 
the fish will starve (Geiger 1983a; Summerfelt 1996). 
Fertilizers are commonly applied to these types of production ponds to develop a 
large zooplankton forage base. However, fertilization frequency, amount and t>pe are 
typically determined on an ad hoc basis. Fertilizers are generally added without regard to 
pre-fertilization nutrients or zooplankton population responses. Also, set amounts of 
fertilizers are added to each pond. By observing production ponds, it is obvious that the 
plankton compositions of the ponds are quite different - one pond may be dark green, the 
other may be brown. Hence, it should be more productive to establish a fertilization regime 
on a weekly pond-by-pond basis. 
Literature on fertilization of ponds is quite varied; management recommendations 
range widely from using no fertilization (Farquhar 1984; Young 1987; Jana and Chakrabarti 
1990; Clouse 1991); to the use of organic fertilizers (Lanoiselee etal. 1986; Fox et al. 1989; 
4 
Harding 1991; Johnson and Schlosser 1991); to the use of inorganic fertilizers (O'Brien and 
DeNoyelles 1974; Metzger and Boyd 1980; Lockwood 1983; Culver et al. 1992; Olsson et al 
1992; Qin et al. 1995); and to the use of a combination of inorganic and organic fertilizers 
(Geiger 1983a; Geiger 1983b; Geigeret al. 1985; Parmley and Geiger 1985). 
Better understanding of the interactions among water quality, nutrients, 
phytoplankton and zooplankton is needed to develop more efficient fertilization strategies. 
More research on the combination of filling times and inorganic and organic fertilizers of the 
appropriate nutrient ratios is needed to move fertilization firom an art to a science. 
Fish hatcheries operated by the Iowa Department of Natural Resources (IDNR) 
currently have earthen ponds in operation for fish production. Such ponds are economically 
and socially important because they supply the fish needed to stock public and private waters 
in the state. This study concentrated on the production of walleye {Stizostedion vitreum) at 
Mt. Ayr and Fairport Hatcheries. During the culture of walleye, hatchery personnel rely on 
the namral productivity of the ponds to provide a forage base for the fish. Variable fish 
harvest results have been obtained over the years at these hatcheries; hatchery persormel are 
interested in implementing a fertilization management plan to reduce the variability in fish 
production results. 
The ultimate goal of the project is to implement a fertilization management plan for 
the IDNR that reduces the variability in walleye production and yield. The objectives of this 
dissertation were: (1) to survey and characterize the nutrient stoichiometry of IDNR 
production ponds, (2) to survey the zooplankton and benthic communities in these ponds 
relative to their nutrient regimes, and (3) to determine if manipulations of nutrients can 
positively influence the plankton community composition and thus the food supply for 
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cultured fish. 
Thesis Organizatioa 
This thesis contains six separate papers, a general introduction and a general 
conclusion chapter. The first paper, "Overview of fertilization and zooplankton management 
for cool-water fish production", provides an extensive literature review of pond fertilization 
practices in temperate climates. This paper reviews the various recommendations for 
fertilization and reviews zooplankton population dynamics in production ponds. Problems 
related to fertilization and recorrunendations for improvement are discussed. 
The second paper, "Fertilization regime development for walleye rearing ponds", 
discusses a different method from the usual fertilization implementation to evaluate and 
implement fertilization regimes for larval walleye rearing ponds. This study used water 
quality and fish productivity trends to develop a fertilization strategy for IDNR walleye 
ponds. 
The third paper, "Relationships among feeding habits, zooplankton populations, and 
condition factors of cultured walleye fry", discusses the findings of a 1998 study that focused 
on the stomach contents of walleye fry and zooplankton populations. This paper discusses 
the preferred zooplankton prey items and how their population trends influence ultimate fish 
productivity. 
The fourth paper, "Benthic invertebrate trends in walleye production ponds", 
discusses the trends in benthic invertebrate populations in the IDNR walleye production 
ponds and how these trends relate to ultimate fish production. The relationships between 
water quality parameters and benthic populations were also explored. 
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The fifth paper, "Zooplankton populations as predictors of walleye culture success", 
explores using the results found in this dissertation to develop a method of predicting culture 
success by observing the zooplankton populations throughout the culture season. 
The final paper, "Nutrients and zooplankton populations", discusses how nutrients in 
ponds are correlated with zooplankton population dynamics and suggests appropriate 
fertilization strategies based on these correlations. 
Literature Cited 
Avault, J. W., Jr. 1996. Fertilization, liming and pond muds. Pages 336-383 in J. W. Avauh, 
Jr., Fundamentals of Aquaculture: A Step-by-Step Guide to Commercial 
Aquaculture. AVA Publishing Company Inc., Baton Rouge, Louisiana. 
Boyd, C. E. 1990. Fertilization. Pages 231-270 in C. E. Boyd, Water Quality in Ponds for 
Aquaculture. Alabama Agricultural Experiment Station, Auburn University, Auburn, 
Alabama. 
Clouse, C. 1991. Evaluation of zooplankton inoculation and organic fertilization for pond-
rearing walleye fry to fingerlings. MS Thesis. Iowa State University. Ames, Iowa. 
Culver, D. A., J. Qin, S. P. Madon and H. A. Helal. 1992. Daphnia production techniques for 
rearing fingerling walleye and saugeye. Federal Aid in Fish Restoration Project F-57-
R final report. 
Farquhar, B. W. 1984. Evaluation of fertilization techniques used in striped bass, Florida 
largemouth bass, and smallmouth bass rearing ponds. Pages 346-368 in Proceedings 
of the Annual Conference SEAFWA. 
7 
Fox, M. G., J. A. Keast and R. J. Swainson. 1989. The effect of fertilization regime on 
juvenile walleye growth and prey utilization in rearing ponds. Environmental Biology 
of Fishes 26:129-142. 
Geiger, J. G. 1983a. Zooplankton production and manipulation in striped bass rearing ponds. 
Aquaculture 35:331-351. 
Geiger, J. G. 1983b. A review of pond zooplankton production and fertilization for the 
culture of larval and fingerling striped bass. Aquaculture 35:353-369. 
Geiger, J. G. and C. J. Tumer. 1990. Pond fertilization and zooplankton management 
techniques for production of fingerling striped bass and hybrid striped bass. Pages 
79-98 in Harrell, R. M., J. H. Kerby, and R. V. Minton, editors. Culture and 
propagation of striped bass and its hybrids. American Fisheries Society, Striped Bass 
Committee, Bethesda, Maryland. 
Geiger, J. G., C. J. Turner, K. Fitzmayer and W. C. Nichols. 1985. Feeding habits of larval 
and fingerling striped bass and zooplankton dynamics in fertilized rearing ponds. The 
Progressive Fish-Culturist 47:213-223. 
Harding, L. M. 1991. Evaluation of pond management practices to enhance production of 
fingerling walleye. MS Thesis. Iowa State University, .^^mes, Iowa. 129 p. 
Jana, B. B. and R. Chakrabarti. 1990. Exogenous introduction of hve plankton - a better 
approach to carp growth than the direct-manure system. The Progressive Fish-
Culturist 52:252-260. 
Johnson, S. R. and I. J. Schlosser. 1991. Effects of organic enrichment on zooplankton 
abundance and walleye growth and survival in artificial rearing ponds. Journal of 
Freshwater Ecology 6:315-321. 
Knud-Hansen, C. 1998. Pond fertilization: ecological approach and practical applications. 
The Pond Dynamics/Aquaculture Collaborative Research Support Program, Oregon 
State University, Corvallis, Oregon. 
Lanoiselee, B., R. Billard and G. DeMontalembert. 1986. Organic Fertilization of nursery 
ponds for pike [Esox lucius). Aquaculture 54:141-147. 
Lockwood, J. C. 1983. Effects of nutrient additions on the ecology of hybrid bass production 
ponds. Final Progress Report to the Striped Bass Committee. 11 p. 
Metzger, R. J. and C. E. Boyd. 1980. Liquid ammonium polyphosphate as a fish pond 
fertilizer. Transactions of the American Fisheries Society 109:563-570. 
O'Brien, W. J. and F. DeNoyelles, Jr. 1974. Relationship between nutrient concentration, 
phytoplankton density, and zooplankton density in nutrient enriched experimental 
ponds. Hydrobiologia 44:105-125. 
Olsson, H., P. Blomqvist and H. Olofsson. 1992. Phytoplankton and zooplankton community 
structtire after nutrient additions to the oligotrophic Lake Hecklan, Sweden. 
Hydrobiologia 243/244:147-155. 
Parmley, D. C. and J. G. Geiger. 1985. Succession patterns of zooplankton in fertilized 
culture ponds with out fish. The Progressive Fish-Culturist 47-183-186. 
Qin, J., S. P. Madon and D. A. Culver. 1995. Effect of larval walleye (Siizostedion vitreum) 
and fertilization on the plankton community: implications for larval fish culture. 
Aquaculture 130:51-65. 
9 
Summerfelt, R. C. 1996. Intensive culture of walleye fry. Pages 161-185 zn R. C. 
Surrmerfelt, editor. Walleye Culture Manual. NCRAC Culture Series 101. North 
Central Regional Aquaculture Center Publications Office, Iowa State University, 
Ames. 
Young, C. H. 1987. Pond fertilization and zooplankton production for largemouth bass 
{Micropierus salmoides). MS Thesis. Colorado State University, Fort Collins, 
Colorado. 136 p. 
10 
CHAPTER 2. OVERVIEW OF FERTILIZATION AND ZOOPLANKTON 
MANAGEMENT FOR COOL-WATER HSH PRODUCTION 
A paper to be submitted to the North Central Regional Aquaculture Center, Technical 
Bulletin Series 
Charles C. Mischke and Joseph E. Morris 
Abstract 
Production ponds are commonly fertilized to increase fish production and yield 
through enhancement of the plankton forage base. Many fish culture facilities in the north-
central United States rely on natural production of zooplankton as a food source for larval 
fish of various species. Literatiu-e on fertilization of ponds is quite varied and 
recommendations range from no fertilization to a combination of inorganic and organic 
fertilizers. Better understanding of the interactions among water quality, nutrients, 
phytoplankton and zooplankton is needed to develop more efficient fertilization strategies. 
More research on the combination of filling times, and inorganic and organic fertilizers of the 
appropriate nutrient ratios is needed to move fertilization from an art to a science. 
Introduction 
The common goal of any aquaculture enterprise is to increase production and yield of 
fish. Productivity can be influenced by several factors including stocking rates (Summerfelt 
1996), handling of fish during transport (Dupree and Huner 1984), and aeration and water 
quality in the ponds (Piper et al. 1982). 
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Fertilization of production ponds is another concept commonly used to increase fish 
productivity. The idea is that by adding fertilizer to a pond, nutrients from the fertilizer are 
utilized by zooplankton or phytoplankton, thus increasing the forage base for the fish fiy. 
Organic fertilizers, e.g., manure and plant materials, stimulate the heterotrophic food web 
generating a larger decomposer community, which can be directly used by zooplankton as a 
food source and, at the same time, provide a slow release of inorganic nuttients to algae 
(Geiger 1983b; Clouse 1991). Inorganic fertilizers provide rapid doses of nitrogen and 
phosphorus, which stimulate the autotrophic food chain. The enhanced phytoplankton 
production can then be used by zooplankton (Geiger 1983b; Clouse 1991). 
Many northern fish production facilities rely on natural production of zooplankton as 
a food source for zooplanktivorous larval fish, e.g., walleye (Stizosiedion vitreum), saugeye 
(S. vitreum x 5. canadense), northern pike {Esox Indus), hybrid striped bass (Morone 
saxatilis x M. chrysops), reciprocal hybrid striped bass (Af. chrysops x M saxatilis) and 
yellow perch {Perca Jlavescens). In these types of systems, the zooplankton forage base is 
critical for successful larval fish culture. 
These fish are stocked into ponds as soon as, or shortly after they hatch. Initially, the 
fish have a yolk sac that provides nutrients for growth and development. However, as the 
yolk sac is used up, there is a critical period in their development when they must switch 
from endogenous to exogenous feeding. At this critical time, there must be a population of 
suitable sized, nutritionally adequate zooplankton available to the fish (Geiger 1983a; 
Summerfeh 1996). 
Maintaining high densities of desirable zooplankton until either the fish are harvested 
or they are able to switch to larger invertebrates, e.g., insects, or consume commercial feeds 
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is paramount for the success of the culture season. In northern climates, efficient fertilization 
strategies optimize production during the relatively short growing season. 
Fertilization 
There have been relatively few fertilization studies conducted on ponds in the 
northern climates compared to fertilization studies in southern climates; those that have been 
done have concentrated primarily on walleye fry production. There are many different 
conclusions as to which type of fertilizer is better to use and how much to use. Fish culturists 
disagree over whether organic or inorganic fertilizers best enhance fish growth. Still others 
reported no differences in production among organic fertilizers, inorganic fertilizers or no 
fertilizers at all. 
Adding nutrients to ponds will not always produce beneficial results. Fertilization 
can cause problems in production ponds by reducing water quality or increasing the 
abundance of undesirable blue-green and filamentous algae (Piper et al. 1982). 
Inorganic fertilizers 
Inorganic or chemical fertilizers used for aquaculture are the same as those used to 
fertilize agricultural crops. The premise behind using inorganic fertilizer is that by applying 
needed nutrients, phytoplankton populations increase. These increased populations of 
phytoplankton will then increase the number of zooplankton in the pond, which prey on 
phytoplankton. When considering the ecology of production ponds in simple terms, i.e., as a 
food chain, inorganic additions of nutrients increase the biomass at the bottom of the food 
chain, thus supplying more energy for transfer up the food chain. 
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Some culturists prefer to use inorganic fertilizers because there is more control over 
the amount and type of nutrients being put into the pond. There is also less risk of oxygen 
depletion when using inorganic fertilizers compared with organic fertilizers; decomposition 
of organic material by bacteria requires oxygen. Organic fertilizers, having lower nutrient 
values, are used at much higher rates than inorganic fertilizers. Because of the concentrated 
nutrients in inorganic fertilizers, less weight of fertilizer is required which makes the 
handling of the fertilizer easier. 
Qin et al. (1995) compared inorganic and organic fertilizers in walleye ponds stocked 
at different densities in Ohio. Walleye fiy survival was not affected by fertilizer or stocking 
densities, but growth was best in low fish density ponds fertilized with inorganic fertilizer 
(ammonium phosphate 10:30:0; urea nitrogen 28:0:0 - percentages by weight of nitrogen (as 
N), phosphorus (as P2O5) and potassium (as K2O)). They recommended using inorganic 
liquid fertilizer and a stocking density of 250,000 - 500,000 fiy/ha for larval walleye culture. 
Culver et al. (1992) conducted fertilization studies for walleye and saugeye 
production in Ohio ponds. High levels of organic fertilizers (> 25 kg alfalfa meal/ha/wk) 
reduced fish survival. They suggested using only inorganic fertilizer to maintain nutrient 
levels at 600 ^g N/1 (NH4 + NO3) and 30 |xg P/1 as PO4 (20 N:P). In another study by 
O'Brien and DeNoyelles (1974), inorganic inputs of nitrogen and phosphorus to 
experimental fish-free ponds also increased phytoplankton and zooplankton densities, 
although effects were variable. 
Olsson et al. (1992) wanted to fertilize a Swedish lake to increase phytoplankton 
biomass without drastically changing the phytoplankton commimity. They fertilized with 
inorganic nitrogen and phosphorus in small amounts; phosphorus levels increased from 6 to 
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10 fjg/I. PhytoplanJkton biomass increased, but the same algae species were dominant 
throughout pre-fertilization and post-fertilization. They also observed an increase in 
cladoceran and copepod biomass after fertilization. 
Organic fertilizers 
Organic fertilizers may be animal manure or plant materials. The premise behind 
using organic fertilizers is that by adding organic materials, the heterotrophic food web is 
stimulated. As the organic fertilizer decomposes it provides forage for bacteria and fungi, 
which are directly utilized by zooplankters. As the organic fertilizers decompose, there is 
also a slow release of nutrients for use by the phytoplankton. Organic fertilizer is thought of 
as stimulating the food web rather than the food chain. The fertilizers supply an inorganic 
release of nutrients for use by the phytoplankton, supply nutrients and substrate for bacteria, 
fungi and protozoans that are utilized by zooplankton, and supply nutrients and substrate for 
benthic organisms. Some authors have preferred organic fertilizers because they may benefit 
various parts of the food web, are low cost and are readily available. However, because 
organic fertilizers take time to decompose, the benefits may not be realized in time when a 
short-term culture period, such as larval walleye culture, is being used. 
Johnson and Schlosser (1991) fertilized cylindrical enclosures in walleye ponds in 
North Dakota. They examined the effect of organic enrichment and fish predation on the 
abundance and size structure of cladocerans, and the growth and survival of walleye. Alfalfa 
pellets were used to fertilize enclosures with and without fish; other enclosures were left 
unfertilized. Organic enrichment had a stronger effect than walleye predation on the 
cladoceran numbers. There was, however, a delay of about 2 weeks before the organic 
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enrichment had an effect on the cladoceran abundance. Organic enrichment did not increase 
survival of walleye fry but did increase their average weight and condition. 
Clouse (1991) investigated the use of various types of organic fertilizers (alfalfa 
pellets, hay, and soybean meal) as well as zooplankton inoculations in North Dakota walleye 
ponds. No differences were found in fish survival or production among the different types of 
organic fertilizers. The zooplankton inoculations actually decreased survival and production 
of walleye because zooplankton used in the inoculum may have been too large for the 
walleye to consume. 
Fox et al. (1989) used two rates of organic fertilization (soybean meal) — a constant 
rate of 36 g/mVweek and a reduced rate of 32 to 0 g/m^/week in Canadian walleye ponds. 
The constant rate of organic fertilizer produced better survival, biomass and length of 
walleye. 
Harding (1991) compared production in non-fertilized ponds with ponds fertilized 
with alfalfa pellets or soybean meal. The best results were produced in ponds fertilized with 
alfalfa pellets. Survival was not affected, but production was higher in fertilized ponds. 
Northern pike production was increased in ponds using liquid pig manure (Lanoiselee 
et al. 1986). Three levels of liquid pig manure were used, equivalent dry matter of 2.5, 7.5 
and 15.0 kg/ha/d. Higher levels of pig manure increased biomass and survival. They 
suggested fertilizing pike ponds with manure to increase fish yield and production. 
Combinations of organic and inorganic fertilizers 
Because inorganic fertilizers stimulate the autotrophic food chain, and organic 
fertilizers stimulate the heterotrophic food web, it may be beneficial to add both types of 
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fertilizer to production ponds. Some authors have indicated that combinations of both 
organic and inorganic fertilizers produce desirable results. 
In one such experiment, Parmley and Geiger (1985) fertilized ponds without fish with 
a total of 576 kg/ha organic fertilizer (ground peanut hay and cottonseed meal) and 28 kg/ha 
inorganic (diammonium) phosphate while studying succession patterns of zooplankton. 
Zooplankton and phytoplankton populations were well established 16 d after filling in the 
fertilized ponds. 
No fertilizers 
There have also been some authors that have reported no differences among various 
fertilization regimes or fertilized ponds compared to non-fertilized ponds. In areas where 
waters or pond soils are very nutrient rich, the benefits of fertilization may not be clear. 
Fertilization may actually have detrimental effects by increasing the oxygen demand and 
reducing water quality in the production ponds. 
Young (1987) was one author that did not see benefits fi-om fertilization. She used 
several fertilizers on largemouth bass ponds in Colorado. Dextrose, chicken manure, alfalfa 
meal, liquid phosphoric acid and ammonium nitrate were used to fertilize ponds in various 
studies. No definite conclusions could be drawn fi-om the resuhs of the different studies. 
Other factors (nutrient ratios and specific biological and chemical parameters) 
Some authors have looked at factors influencing production other than just fertilizer 
type and amount. Increasing fertility of ponds will only increase zooplankton production if 
the nutrients added are channeled into an appropriate prey base that can be utilized by the 
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zooplankton. If fertilization changes the phytoplankton community qualitatively, there may, 
despite increased total biomass of phytoplankton, be a decreased food supply for zooplanlcton 
(Olsson et al. 1992). There will be a reduction in zooplankton food if the structure of 
phytoplankton shifts to undesirable species, e.g., Chlorophyceae or Cyanophyceae; 
gelatinous sheaths and aggregations protect these algae. 
The N:P ratios have received some attention as an influencing factor in phytoplankton 
community structure. The idea is that the "desirable" phytoplankton (those readily ingested 
by zooplankton) have an optimal N:P ratio that gives them the a competitive advantage over 
the "less-desirable" phytoplankton. Growth of plankton is regulated by the nutrient in 
shortest supply; there is not a multiple nutrient limitation (Rhee 1978; Rhee and Gotham 
1980). This suggests that there are species-specific optimum nutrient ratios that could be 
manipulated to shift populations to "desirable" species compositions. For example, when 
nitrogen is in short supply, Cyanophyta typically dominate because they are able to fix fi-ee 
nitrogen; when phosphorus is in short supply but added in large doses, some large and 
filamentous algae are favored because they are able to store phosphorus (Culver et al. 1992). 
The "undesirable" phytoplankton includes all filamentous algae and especially 
members of the group of blue-green algae (Cyanophyta) that may cause a mmiber of 
problems in production ponds. Filamentous algae are undesirable because they are poorly 
ingested by zooplankton; many have protective sheaths or are too large for zooplankton 
consumption. Some problems attributed to blue-green algae include off-flavor of food fish, 
toxic substances released into the water, shallow chemical and thermal stratification of 
ponds, phytoplankton die-off (and subsequent fish kills), and unsightly appearance of the 
pond siuface (Boyd 1990). Blue-green algae are able to fix free nitrogen, so they tend to 
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dominate other algae when nitrogen is in short supply. 
One must be cautious when comparing "N:P" ratios from one study to another, as the 
term can have different meanings. The N component may refer to total nitrogen, total 
inorganic nitrogen, nitrate-N plus ammonia-N, nitrate-N, etc. The P component may refer to 
total phosphorus or reactive phosphorus. The N:P ratios may also be reported as atomic or 
mass ratios. 
Rhee and Gotham (1980) determined the optimum atomic N:P ratios for seven 
species of freshwater algae. There was a wide range of optimum ratios among the various 
species; the average was an atomic ratio of 17 (mass ratio = 7.9); a value close to Redfield's 
atomic ratio of 15 (mass ratio = 7)(Redfield 1958). Rhee (1978) determined that there is not 
a simultaneous growth limitation of N and P; either N is limiting or P is limiting. Because of 
this, competitive exclusion or coexistence models may be able to be used in predicting alga 
species dominance. 
Culver et al. (1992) were able to increase walleye and saugeye production by 
maintaining the N:P (NHj + N03:P04) ratio at a relatively high level of 20:1 (atomic ratio = 
44) with inorganic fertilizers. The fertilizer was added to make weekly restorations of 600 
^g N/1 (NH4 + NO3) and 30 ng P/1 (PO4). 
Downing and McCauley (1992) also dealt with N:P ratios. When N:P (TN:TP mass 
ratio) < 14 (atomic ratio = 30.8) and when TP > 30 |^g/L, nitrogen tends to be limiting. 
Additions of nitrogen can suppress nitrogen-fixing cyanophytes and stimulate non-fixing 
Microcystis spp. (Barica et al. 1980). Culver and Geddes (1993) also noted the presence of 
cyanobacterium Anabaena when N:P ratios were low. 
Seymour (1980) had problems with ammonia released after collapses of 
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Aphanizomenon Jlos-aquae (nitrogen-fixing blue-green algae) populations. The release of 
large amounts of ammonia caused Infectious Dropsy of Carp (EDC) disease. The N:P ratio 
[inorganic nitrogen (nitrate-N + nitrite-N + ammonia-N):P04-P] was raised from 2:1 to 5:1 
(atomic ratio = 4.3 to 10.7). This increase in N;P was sufficient to control this nitrogen 
fixing algae. 
McQueen and Lean (1987) did not find a correlation with TN:TP ratios and 
percentage of blue-green algae composition; however, the ratio of nitrate (NO3-N) and total 
phosphorous had a negative correlation with blue-green algae percent composition. Also, 
there was a negative correlation with nitrate and total inorganic nin-ogen with the blue-green 
algae composition percentage. Temperature had a positive correlation with blue-green algae 
composition. They concluded that when temperature is 21°C and N03-N:TP <5:1 (atomic 
ratio = 10.7), blue-green algae populations are common. 
Tiknan et al. (1986) found that blue-green algae dominated all N:P ratios (uM:uM) of 
less than 20:1 (mass ratio = 9) at 24°C, but no ratios at 17° or 10°C. Ratios of Si:P and I:P 
were also studied. The ratios at which species dominance shifted were temperature 
dependent for these nutrient ratios. 
The C:N ratios also may be important in choosing an organic fertilizer. Organic 
fertilizer with high C:N ratios, e.g., wheat straw and the various hays, are slower to 
decompose than green crop residues, e.g., cottonseed meal and alfalfa meal, or some types of 
animal manure (Geiger 1983a). To permit rapid decomposition, fertilizers with low C:N 
ratios should be used when applying organic fertilizer. 
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Zooplankton Community 
Because of the temporary nature of production ponds, zooplankton communities will 
progress quite differently than in permanent bodies of water. Production ponds are generally 
filled in the early spring and drained in the fall. Sometimes, when multiple species are 
cultured (e.g., pike, walleye, largemouth bass, sunfish), the ponds are drained and re-filled 
several times throughout the culttire season. Production ponds also tend to be subjected to a 
much wider range of environmental conditions including temperature and water quality. 
The major groups of zooplankton found in production ponds include the Rotifera and 
two sub-classes of Crustacea ~ Cladocera and Copepoda. These zooplankton have 
adaptations, i.e., formation of cysts and resting eggs, ephippia formation (yn Daphnia), 
parthenogenetic (asexual) reproduction (in copepods) and accelerated life history stages, that 
allow the populations to persist in the drastically changing environment of production ponds 
(Geiger 1983a, 1984a). The various characteristics of these groups of zooplankton have been 
described by Allan (1976), Geiger (1983a, 1983b) and Pennak(1989) (Table 1). 
Table 1. Characteristics of major zooplankton groups found in production ponds. Adapted 
fi-om Allan (1976), Geiger (1983a, 1983b) and Permak (1989). 
Zooplankton Group 
Characteristic 
Size 
Predation by fish 
Life span 
Young per adult 
Egg-to-egg generation time 
Low 
12 d 
15-25 
2-3 d 
Rotifer 
0.2-0.6 mm 
250-500 
13-15 d 
Copepod 
0.5-5.0 mm 
High 
50 d 
400-600 
7-8 d 
High 
50 d 
Cladoceran 
0.3-3.0 mm 
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Production ponds, when first filled, go through a general succession pattern of 
zooplankton (Geiger 1983b). Rotifers, because of their very short egg-to-egg generation 
time, generally are the first of the zooplankton to appear and reach peak populations. 
Cladocerans have a competitive advantage over rotifers due to their higher filtration rates and 
ability to ingest a voider range of food particles. Cladoceran egg-to-egg generation time is 
intermediate between rotifers and copepods and cladocerans generally peak a few days after 
the rotifer population peaks. Copepods have a competitive advantage over both rotifers and 
cladocerans due to their considerably wider size range of prey. The copepod populations are 
slower to develop because of the relatively long egg-to-egg generation times. But when they 
do develop, copepods out-compete the rotifers and cladocerans and reach peak populations 
after the rotifer and cladoceran peaks. 
Depending on the species of fish fry being cultured, different groups of zooplankton 
are considered "desirable". Larval yellow perch and the reciprocal hybrid striped bass have 
small mouth sizes that require them to consume the smaller zooplankton at first feeding, e.g., 
rotifers. In contrast, the original hybrid striped bass cross, walleye and saugeye have much 
larger mouths that allow them to consimie larger prey, e.g., copepods. 
Some researchers have looked at filling ponds at various times before stocking so fish 
are stocked when optimum zooplankton populations are at their peak. Geiger and Tumer 
(1990) recommended filling ponds 10 to 14 d before stocking original hybrid striped bass to 
allow time for the crustacean zooplankton populations to become estabhshed. Ludwig 
(1999) recommended filling ponds according to temperatures when cultiuing the reciprocal 
hybrid striped bass to allow time for the rotifer populations to become established. In colder 
climates, ponds need to be filled longer prior to stocking larval fish to allow for maturation of 
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needed zooplankton populations to occur. 
There has also been some interest in inoculating ponds with zooplankton to encourage 
large plankton populations; however, few studies have been conducted on this concept. 
Geiger and Turner (1990) recommended zooplankton inoculation for original hybrid striped 
bass production ponds. Their assertion is that by adding numbers of adult crustaceans when 
production ponds are filled, the natural succession pattern of zooplankton is accelerated. 
They claimed that by inoculating with adult crustaceans the zooplankton population 
succession could be accelerated by 7 to 14 d. Geiger (1983a) advised selective inoculation of 
crustacean zooplankton and unicellular green phytoplankton, especially if ponds are filled 
with relatively sterile water. 
Clouse (1991) reported that inoculation of zooplankton actually reduced survival, 
production, and number of fish produced/ha. He reported that the reduction in survival was 
perhaps due to the large size or escape ability of zooplankton used for inoculation; there may 
have been a shift in the zooplankton community to a population too large and too adept at 
avoidance to be consumed by the larval walleye. 
Zooplankton inoculation is probably only feasible if well water is used or ponds are 
lined with plastic. However, even when using well water or filtered water, zooplankton 
populations can still become established due to resting eggs and ephippium in the pond soils 
firom previous production seasons. If zooplankton populations are not present in sufficient 
numbers, the problem may be nutrient related (i.e., lacking forage base for the zooplankton), 
so inoculation is a waste of time. 
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Discussion 
Most of the fertilization studies are set up rather similarly ~ there are a number of 
ponds, the ponds are randomly assigned a type or level of fertilizer, and then production or 
yield is compared among the ponds. Most of the authors of these studies use amounts and 
types of fertilizer they have found in the literature that have been used or have worked best 
for other authors in other areas (especially in the southem United States). The amount of 
fertilizer added seems rather arbitrary; in many of the studies no indication of current levels 
of nutrients are given. 
If ponds are relatively nutrient-starved, e.g., ponds in the south, fertilization regimes 
will result in increases in fish production; the larger the amount of fertilizer added, the 
greater the production increase will probably be. In more nutrient-rich waters, e.g., mid-
western ponds, the benefits of adding fertilizer may be limited. In extremely nutrient-rich 
waters, there may even be detrimental effects of adding fertilizer. Thus, it is logical that 
current nutrient levels in ponds should be studied prior to establishment of a fertilization 
regime. 
There are also striking differences in ponds right next to each other, and the same 
pond over time. Production ponds, right next to each other, stocked with the same species of 
fish at the same rate, and treated the same by the producer can have extremely different 
production results. By observing the ponds, it is obvious that the plankton compositions of 
the ponds are quite different ~ one pond may be dark green, the other may be brown. When 
setting up studies to evaluate fertilization effects on production, the treatment should be a 
management practice rather than a set amount or type of fertilizer for all ponds in a system. 
Managing nutrient ratios in each pond rather than adding set amounts of fertilizer is a 
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better approach for fertilization of northern ponds. Different groups of plankton may be 
better adapted to different nutrient ratios; maintaining a ratio that is optimum for the 
"desirable" plankton species should allow for a competitive advantage for that species. 
Changing nutrient ratios should change plankton quality, while changing amounts of 
fertilizer should change plankton quantity. 
Both organic and inorganic fertilizers are probably necessary for optimum 
productivity - inorganic fertilizers for direct uptake by phytoplankton and indirect use by 
zooplankton and organic fertilizers for direct uptake by zooplankton. Inorganic fertilizers 
give more control to the manager over what nutrients are entering the ponds and are less 
expensive (when considering transportation and handling costs) and easier to handle than 
organic fertilizers. However, organic fertilizers are probably needed in conjunction with 
inorganic fertilizers to provide the direct food link to zooplankton and to provide surface area 
for bacteria and flingal growth and benthic invertebrate substrate. Organic fertilizers of 
similar nutrient ratios as those that are optimal for the desired plankton species should work 
best. 
The zooplankton forage base is known to be of great importance to successful culture 
of zooplanktivorous fish; however, zooplankton numbers and species are largely ignored in 
fertihzation strategies. Control of the zooplankton species and numbers present should lead 
to increased success of fish production. Better understanding of the interactions among water 
quality, nutrients, phytoplankton and zooplankton is needed to implement more efficient 
fertilization strategies. More research on the combination of filling times and inorganic and 
organic fertilizers of the appropriate nutrient ratios is needed to move fertilization fi-om an art 
to a science. 
25 
Literature Cited 
Allan, J. D. 1976. Life history patterns in zooplankton. American Naturalist 110:165-180. 
Barica, J., H. Kling and J. Gibson. 1980. Experimental manipulation of algal bloom 
composition by nitrogen addition. Canadian Journal of Fisheries and Aquatic Science 
37:1175-1183. 
Boyd, C. E. 1990. Water Quality in Ponds for Aquaculture. Birmingham Publishing Co., 
Birmingham, Alabama. 482 p. 
Clouse, C. 1991. Evaluation of zooplankton inoculation and organic fertilization for pond-
rearing walleye fiy to fingerlings. MS Thesis. Iowa State University. Ames, Iowa. 
Culver, D. A. and M. C. Geddes. 1993. Limnology of rearing ponds for Australian fish 
larvae: relationships among water quality, phytoplankton, zooplankton, and the 
growth of larval fish. Australian Journal of Marine and Freshwater Research 44:537-
551. 
Culver, D. A., J. Qin, S. P. Madon and H. A. Helal. 1992. Daphnia production techniques for 
rearing fingerling walleye and saugeye. Federal Aid in Fish Restoration Project F-57-
R final report. 
Downing, J. A. and E. McCauley. 1992. The nitrogen:phosphorus relationship in lakes. 
Limnology and Oceanography 37:936-945. 
Dupree, H. and J. Huner. 1984. Third Report to the fish farmers. U. S. Fish and Wildlife 
Service, Washington, D. C. 
Fox, M. G., J. A. Keast and R. J. Swainson. 1989. The effect of fertilization regime on 
juvenile walleye growth and prey utilization in rearing ponds. Environmental Biology 
of Fishes 26:129-142. 
26 
Geiger, J. G. 1983a. A review of pond zooplankton production and fertilization for the 
culture of larval and fingerling striped bass. Aquaculture 35:353-369. 
Geiger, J. G. 1983b. Zooplankton production and manipulation in striped bass rearing ponds. 
Aquaculture 35:331-351. 
Geiger, J. G. 1984a. Zooplankton composition and dynamics in rearing ponds. Warmwater 
Fish Culture Workshop. U. S. Fish and Wildlife Service and Southwest Texas State 
University, San Marcos, Texas. 
Geiger, J. G. and C. J. Turner. 1990. Pond fertilization and zooplankton management 
techniques for production of fmgerling striped bass and hybrid striped bass. Pages 
79-98 in Harrell, R. M., J. H. Kerby, and R. V. Minton, editors. Culture and 
propagation of striped bass and its hybrids. American Fisheries Society, Striped Bass 
Committee, Bethesda, Maryland. 
Harding, L. M. 1991. Evaluation of pond management practices to enhance production of 
fingerling walleye. MS Thesis. Iowa State University. Ames, Iowa. 129 p. 
Johnson, S. R. and I. J. Schlosser. 1991. Effects of organic enrichment on zooplankton 
abundance and walleye fiy growth and survival in artificial rearing ponds. Journal of 
Freshwater Ecology 6:315-321. 
Lanoiselee, B., R. Billaxd and G. DeMontalembert. 1986. Organic Fertilization of nursery 
ponds for pike (£sox lucitis). Aquacultiu-e 54:141-147. 
Ludwig, G. M. 1999. The effects of day length and weather on the development of small 
zooplankton in sunshine bass fiy ponds. Aquaculture America '99, Tampa, Florida. 
McQueen, D. J. and D. R. S. Lean. 1987. Influence of water temperature and nitrogen to 
phosphorus ratios on the dominance of blue-green algae in Lake St. George, Ontario. 
Canadian Journal of Fisheries and Aquatic Sciences 44:598-604. 
O'Brien, W. J. andF. DeNoyelles, Jr. 1974. Relationship between nutrient concentration, 
phytoplankton density, and zooplankton density in nutrient enriched experimental 
ponds. Hydrobiologia 44:105-125. 
Olsson, H., P. Blomqvist and H. Olofsson. 1992. Phytoplankton and zooplankton community 
structure after nutrient additions to the oligotrophic Lake Hecklan, Sweden. 
Hydrobiologia 243/244:147-155. 
Parmley, D. C. and J. G. Geiger. 1985. Succession patterns of zooplankton in fertilized 
culture ponds with out fish. The Progressive Fish-Culturist 47-183-186. 
Pennak, R. W. 1989. Freshwater invertebrates of the United States. 2nd edition. John Wiley, 
New York. 803 p. 
Piper, R. G., LB. McElwain, L. E. Orme, J. P. McCraren, L. G. Fowler and J. R. Leonard. 
1982. Fish hatchery managf-nent. U.S. Fish and Wildlife Service, Washington, D.C. 
Qin, J., S. P. Madon and D. A. Culver. 1995. Effect of larval walleye (Stizostedion vitreum) 
and fertilization on the plankton community: implications for larval fish culture. 
Aquaculture 130:51-65. 
Redfield, A. C. 1958. The biological control of chemical factors in the environment. 
American Scientific 46:205-221. 
Rhee, G. 1978. Effects of N:P atomic ratios and nitrate limitation on algal growth, cell 
composition, and nitrate uptake. Limnology and Oceanography 23:10-25. 
28 
Rhee, G. and I. J. Gotham. 1980. Optimum N:P ratios and coexistence of planktonic algae. 
Journal of Phycology 16:486-489. 
Seymour, E. A. 1980. The effects and control of algal blooms in fish ponds. Aquaculture 
19:55-74. 
Summerfelt, R. C., editor. 1996. Walleye Culture Manual. NCRAC Cultiu-e Series 101. North 
Central Regional Aquaculture Center, Publications Office, Iowa State University, 
Ames. 416 p. 
Tilman, D., R. Kiesling, R. Sterner, S. S. Kilhamand F. A. Johnson. 1986. Green, bluegreen, 
and diatom algae: taxonomic differences in competitive ability for phosphorus, 
silicon and nitrogen. Archive fur Hydrobiologie 106:473-485. 
Young, C. H. 1987. Pond fertilization and zooplankton production for largemouth bass 
{Micropterus salmoides). MS Thesis. Colorado State University, Fort Collins, 
Colorado. 136 p. 
CHAPTER 3. FERTILIZATION REGIME DEVELOPMENT FOR WALLEYE 
REARING PONDS 
A paper to be submitted to The North American Journal of Aquaculture 
Charles C. Mischke and Joseph E. Morris 
Abstract 
Fertilization of production ponds is a common practice to increase productivity of the 
zooplankton forage base when culturing zooplanktivorous fish species. However, fertilizers 
are often added to ponds without consideration of the pre-fertilization nutrient levels. This 
study looked at relationships between nutrient composition and fish productivity in walleye 
production ponds prior to implementing fertilization regimes. A 2-year observational study 
of pond dynamics at two Iowa Department of Natural Resources hatchery pond systems 
indicated that the ratio of nitrate-N to total phosphorus might be an important factor in 
contributing to fish productivity. Lower ratios were found in ponds with higher fish 
productivity. In 1998, an experiment was set up to determine whether manipulations of the 
nitrate-N to total phosphorus ratios in individual ponds throughout the culture season could 
influence fish productivity. In 1998, nutrient ratios were naturally lower than in past years; 
no statistical comparisons could be made between treated ponds and control ponds. 
However, the fish production and yield was very good from ponds in 1998 relative to past 
years, especially fiom Mt. Ayr Hatchery ponds. 
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Introduction 
Pond fertilization regimes are commonly used in attempt increase productivity in fish 
production ponds. The idea is that by adding fertilizer to a pond, nutrients from the fertilizer 
are utilized by the plankton community (either directly or indirectly), thus increasing the 
forage base for fish. Organic fertilizers (manure and plant materials) stimulate the 
heterotrophic food web generating a larger decomposer conmunity, which can be directly 
used by zooplankton as a food source and, at the same time, provide a slow release of 
inorganic nutrients to algae (Geiger 1983b; Clouse 1991). Inorganic fertilizers provide rapid 
doses of nitrogen and phosphorus, which stimulate an autotrophic food chain enhancing 
phytoplankton production that can be used by zooplankton (Geiger 1983b; Clouse 1991). 
There are many different conclusions as to which type of fertilizer to use and how 
much to use. Fertilization has been used to increase production, but can cause problems in 
production ponds by reducing water quality or increasing the abundance of undesirable blue 
green and filamentous algae (Piper et al. 1982). Many authors have recommended the use of 
organic fertilizers to increase production (Lanoiselee et al. 1986; Fox et al. 1989; Harding 
1991; Johnson and Schlosser 1991), while many others have recommended inorganic 
fertilizers (O'Brien and DeNoyelles 1974; Metzger and Boyd 1980; Lockwood 1983; Culver 
et al. 1992; Olsson et al. (1992); Qin et al. 1995). Some authors have suggest a combination 
of both organic and inorganic fertilizers (Geiger 1983a; Geiger 1983b; Geiger et al. 1985; 
Parmley and Geiger 1985); others authors have reported no differences in fertilizers used 
(Farquhar 1984; Young 1987; Jana and Chakrabarti 1990; Clouse 1991) 
Increasing fertility of ponds will only increase zooplankton production if the nutrients 
added are channeled into an appropriate prey base that can be utilized by the zooplankton. If 
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fertilization changes the phytoplankton community qualitatively, there may, despite an 
increased total phytoplankton biomass, be a decreased food supply for zooplankton (Olsson 
et al. 1992). There will be a reduction in zooplankton food if the structxire of phytoplankton 
changes to undesirable species, e.g., Chlorophyceae or Cyanophyceae. 
Nutrient ratios may be more important for phytoplankton community structure than 
nutrient levels (Barica et al. 1980; Seymour 1980; Tilman et al. 1986; McQueen and Lean 
1987; Culver et al. 1992; Downing and McCauley 1992; Culver and Geddes 1993). The idea 
is that the "desirable" phjtoplankton (those readily ingested by zooplankton) have an optimal 
N:P ratio that gives them a competitive advantage over the "less-desirable" phytoplankton. 
Growth of plankton is regulated by the nutrient in shortest supply; there is not a multiple 
nutrient limitation (Rhee 1978; Rheeand Gotham 1980). This suggests that there are 
species-specific optimum nutrient ratios that could be manipulated to shift populations to 
"desirable" species compositions. 
When comparing N:P ratios, the N component may refer to total nitrogen, total 
inorganic nitrogen, nitrate-N plus ammonia-N, nitrate-N, etc. The P component may refer to 
total phosphoms or reactive phosphoms. The N:P ratios are also reported as atomic or mass 
ratios. 
Rhee and Gotham (1980) determined the optimum atomic N:P ratios for seven 
species of freshwater algae. There was a wide range of optimum ratios among the various 
species; the average was an atomic ratio of 17 (mass ratio = 7.9); a value close to Redfield's 
atomic ratio of 15 (mass ratio = 7)(Redfield 1958). Rhee (1978) determined that there is not 
a simultaneous growth limitation of N and P; either N is limiting or P is limiting. Because of 
this, competitive exclusion or coexistence models may be able to be used in predicting alga 
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species dominance. 
Culver et al. (1992) were able to increase walleye and saugeye production by 
maintaining the N:P (NH4 + N03:P04) ratio at a relatively high level of 20:1 (atomic ratio = 
44) with inorganic fertilizers. The fertilizer was added to make weekly restorations of 600 
Hg N/1 (NH4 + NO3) and 30 |ag P/1 (PO4). 
Downing and McCauley (1992) also dealt with N:P ratios. When N:P (TN:TP mass 
ratio) < 14 (atomic ratio = 30.8) and when TP > 30 |ag/L, nitrogen tends to be limiting. 
Additions of nitrogen can suppress nitrogen-fixing cyanophytes and stimulate non-fixing 
Microcystis spp. (Barica et al. 1980). Culver and Geddes (1993) also noted the presence of 
cyanobacterium Anabaena when N:P ratios were low. 
Seymour (1980) had problems with ammonia released after collapses of 
Aphanizomenon flos-aquae (nitrogen-fixing blue-green algae) populations. The release of 
large amounts of ammonia caused Infectious Dropsy of Carp (IDC) disease. The N:P ratio 
[inorganic nitrogen (nitrate-N + nitrite-N + amnionia-N):P04-P] was raised from 2:1 to 5:1 
(atomic ratio = 4.3 to 10.7). This increase in N:P was sufficient to control this nitrogen 
fixing algae. 
McQueen and Lean (1987) did not find a correlation with TN:TP ratios and 
percentage of blue-green algae composition; however, the ratio of nitrate (NO3-N) and total 
phosphorous had a negative correlation with blue-green algae percent composition. Also, 
there was a negative correlation with nitrate and total inorganic nitrogen with the blue-green 
algae composition percentage. Temperature had a positive correlation with blue-green algae 
composition. They concluded that when temperature is 21°C and NOa-NrTP <5:1 (atomic 
ratio = 10.7), blue-green algae populations are common. 
Tilman et al. (1986) found that blue-green algae dominated all N:P ratios (uM:uM) of 
less than 20:1 (mass ratio = 9) at 24°C, but no ratios at 17° or 10°C. Ratios of Si:P and I:P 
were also studied. The ratios at which species dominance shifted were temperature 
dependent for these nutrient ratios. 
Most of the previous fertilization studies have been set up similarly - there are a 
number of ponds, the ponds are randomly assigned a type and/or level of fertilizer, and then 
production is compared among the ponds. Most of the authors of these studies used amounts 
and types of fertilizer they have found in the literature that have worked best for authors in 
other areas. The amount of fertilizer added is commonly arbitrary; in many of the studies no 
indication of current levels of nutrients are given. 
If ponds are relatively nutrient starved, e.g., ponds in the south, fertilization regimes 
will result in increases in fish production; the larger the amount of fertilizer added, the 
greater the production increase will probably be. In more nutrient rich waters, e.g., mid-
westem ponds, the benefits of adding fertilizer will probably begin to become somewhat 
limited. In extremely nutrient rich waters, there may even be detrimental effects of adding 
fertilizer. Thus, it is logical that current nutrient levels in ponds should be studied prior to 
establishing a fertilizer regime. 
There are large differences in ponds right next to each other and the same pond over 
time. Ponds, right next to each other, stocked with the same species of fish at the same rate, 
and treated the same by the producer can have extremely different production results. By 
observing the ponds, it is obvious that the plankton compositions of the ponds are quite 
different — one pond may be dark green, the other may be brown. When developing studies 
to evaluate fertilization effects on production, the treatment should be a management practice 
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rather than a set amount or type of fertilizer for all ponds in a system. 
Many fish production facilities rely on natural production of zooplankton for a source 
of food for larval fish when culturing larvae of species such as walleye (Stizostedion 
vitreum), saugeye (5. vitreum x S. canadense), northern pike {Esox lucius), striped bass 
{Morone saxatilis), hybrid striped bass (M saxatilis x M. chrysops or M. chrysops x M. 
saxatilis), largemouth bass {Micropterus salmoides), smallmouth bass (M dolomieui) and 
sunfish {Lepomis spp.). In these types of systems, the zooplankton forage base is critical for 
the successful transition of larval fish from endogenous to exogenous feeding. Maintaining 
high densities of desirable zooplankton (species and size composition) in larval production 
ponds until the fish are harvested or are able to switch to larger invertebrates, e.g., insects, or 
to consume commercial feeds is paramount for the success of the culture season. 
One such example of this type of facility is the Iowa Department of Natural 
Resources (IDNR) fish hatchery system. These hatchery facilities are economically and 
socially important because they supply the fish needed to stock public and private waters in 
the state. 
We believe a better approach to fertilization studies is to first look at data from ponds 
to determine what factors contribute to better production, and then manipulate these factors 
on a pond-by-pond basis. The overall goal of the project is to develop and implement a 
fertilization management program for the IDNR that will reduce the variability in fish 
production and yield. The objectives of this study are: (1) survey and characterize the 
nutrient stoichiometry of IDNR production ponds, (2) survey the zooplankton and benthic 
communities in these ponds relative to their nutrient regimes, and (3) determine if 
manipulations of nutrients can influence the plankton conamunity composition and thus the 
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food supply for culuired fish. 
Methods 
Study Sites 
Two sets of hatchery ponds were sampled in this study. The first system, Mt. Ayr 
Hatchery, is located in south central Iowa, Ringold County. Its eight earthen ponds (MA 
ponds) range from 0.16 - 1.35 ha (6.5 ha total) and are filled with water from the Loch Ayr 
Reservoir. All eight of the MA ponds are used each year for walleye and saugeye 
production. 
The second hatchery, Fairport Hatchery, is located on the Mississippi River in 
Muscatine County. The Mississippi River supplies the water for the facility that consists of 
19 earthen ponds, 16.9 surface ha total (range 0.13 - 1.84 ha). Generally twelve of these 
ponds are used each year for walleye and saugeye production. At this hatchery, 
approximately half of the ponds, the lower ponds (FL ponds), are right next to the river and 
the other half of the ponds are several meters away from the river on higher ground, the 
upper ponds (FU ponds). The FL ponds generally have poor production results compared to 
the FU ponds due to various factors. The FL ponds, being right next to the river, are 
subjected to uncontrolled flooding and are typically infested with large numbers of clam 
shrimp Caenestheriella spp. and zebra mussels Dreissena polymorpha. 
Several different species of fish are cultured at these two hatcheries; however, this 
study focused on the walleye production ponds. At both hatcheries, 1- to 3-d old larval 
walleye are stocked into the ponds while ponds are filling and are reared in the ponds for 30 
to 45 d before being harvested. 
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Water Chemistry 
In 1996 and 1997, water chemistry was monitored throughout the production period 
during mid-morning to early-afternoon hours. Samples were collected weekly using a 5.0-
cm PVC tube sampler to collect the top 1 m of the water column (2-1 sample) from three 
locations in each pond. The three sample locations are at the drainage area of each pond and 
at half the distance on both sides of the pond adjacent to the basin. Composite water samples 
were placed in acid-washed polyethylene bottles and packed in coolers for laboratory 
analysis. Ammonia nitrogen, nitrate nitrogen, and nitrite nitrogen; total phosphorus; and 
total alkalinity, hardness, iron, and silica were determined using a HACH 2000 
spectrophotometer (HACH Chemical Company, Loveland, CO); externally supplied 
standards from HACH were analyzed with every sampling date for quality control. Total 
nitrogen was also measured using second-derivative analyses (Crumpton et al. 1992). 
Temperatures, dissolved oxygen, pH and total dissolved solids were determined on site each 
week. 
Data Analysis 
In the published literature, there is a wide range of results from fish production and 
yield in walleye ponds. We ranked the published data according to production (kg/ha) during 
the typical walleye culture season of 4- to 6-weeks (Table 1) and yield (% survival) (Table 
2). We calculated the mean and standard error of the data and then computed a 90% 
confidence interval to determine pond rankings. The ponds with production values that fell 
within the confidence interval were considered average or fair production ponds. Those 
ponds with data that fell below the confidence interval (or two standard errors below the 
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Table 1. Ranking of fish production (kg/ha harvested), from lowest to highest, of walleye 
production ponds reported in the literature by various authors. Typical culture techniques for 
walleye ponds were for a 4- to 6-week culture period. 
Reference kg/ha 
Culver et al. 1992 1 
Culver et al. 1992 9 
Clouse 1991 42 
Clouse 1991 44 
Clouse 1991 46 Poor Production 
Clouse 1991 49 
Harding 1991 52 
Foxetal. 1989 52 
Harding 1991 57 
Qin et al. 1995 65 
Qinetal. 1995 67 
Clouse 1991 68 
Qin et al. 1995 69 
Culver et al. 1992 73 
Qin et al. 1995 74 
Harding 1991 77 
Harding 1991 81 Fair Production 
Qinetal. 1995 84 
Qin et al. 1995 84 
Culver et al. 1992 85 
Qinetal. 1995 89 
Call 1996 90 
Qin et al. 1995 92 
Fox and Flowers 1990 104 
Fox 1989 123 
Raisanen 1996 133 
Foxetal. 1989 165 Good Production 
Fox and Flowers 1990 168 
Fox and Flowers 1990 182 
Fox et al. 1989 205 
Table 2. Ranking of fish yield (survival), from lowest to highest, of walleye rearing ponds 
reported in the literature by various authors. Typical culture techniques for walleye ponds 
were for a 4- to 6-week culture period. 
Reference Survival Arcsine Transformed Survival 
Culver etal. 1992 0.004 0.063 
Culver et al. 1992 0.045 0.214 
Fox etal. 1989 0.190 0.451 
Fox 1989 0.360 0.644 Poor Production 
Clouse 1991 0.444 0.729 
Raisanen 1996 0.460 0.745 
Qinetal. 1995 0.466 0.751 
Clouse 1991 0.498 0.783 
Qin et al. 1995 0.528 0.813 
Fox et al. 1989 0.530 0.815 
Qin et al. 1995 0.538 0.823 
Clouse 1991 0.554 0.840 
Clouse 1991 0.579 0.865 Fair Production 
Fox et al. 1989 0.580 0.866 
Harding 1991 0.613 0.899 
Harding 1991 0.618 0.904 
Clouse 1991 0.625 0.912 
Harding 1991 0.675 0.964 
Harding 1991 0.684 0.974 
Fox and Flowers 1990 0.690 0.980 
Qin et al. 1995 0.695 0.986 
Qin et al. 1995 0.700 0.991 
Qinetal. 1995 0.712 1.004 
Qin et al. 1995 0.713 1.005 Good Production 
Fox and Flowers 1990 0.718 1.011 
Call 1996 0.760 1.059 
Culver et al. 1992 0.770 1.071 
Fox and Flowers 1990 0.787 1.091 
Culver et al. 1992 0.787 1.091 
Qinetal. 1995 0.851 1.174 
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mean) were considered poor production ponds; ponds with data that fell above the 
confidence interval (or two standard en-ors above the mean) were considered good 
production ponds. For the production criteria, the range of the 90% confidence interval was 
84.4 ± 17.3 kg/ha. Survival data were first transformed using the arcsine survival 
transformation to approximate a normal distribution (Zar 1984). After transformation, the 
90% confidence interval was 0.851 ± 0.0896. This interval equates with a survival interval 
of 0.564 ± 0.088. 
We then categorized the IDNR walleye ponds from 1996 and 1997 according to their 
production and yield based on the 90% confidence intervals calculated from the literature 
production values. Ponds were divided among poor, fair, and good production (kg/ha) (Table 
3) and yield (% survival) (Table 4). 
Ponds were then assigned a rank of 0,1, or 2 for poor, fair, and good productivity, 
respectively, for production and yield. The mean rank value of yield and production was 
then computed and pond total ranking values were arranged from lowest to highest (Table 5). 
Ponds with a combined rank value of 0 were considered poor productivity ponds; 
ponds with values from 0.5 to 1.0, fair productivity ponds; ponds with values from 1.5 to 2, 
good productivity ponds. 
All data collected from the 1996 and 1997 culture seasons (including chemical and 
biological data and various nutrient ratios) were then compared among poor, fair, and good 
productivity ponds to test the null hypothesis that there are no differences among any 
chemical or biological parameters. Univariate analysis of variance (ANOVA) was used to 
test for differences among group means (P<0.10) when normality and equal variance tests 
passed. If the difference among groups was significant, the Student-Newman-Keuls test was 
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Table 3. Ranking of walleye rearing ponds, based on production (kg/ha harvested), from 
'ma, ^ FL and ^FU hatchery ponds, Iowa, 1996-1997. 
•'Pond kg/ha 
26a 0 
28a 0 
28ca 0 
30a 0 
42a 9 
5a 10 Poor Production 
40a 27 (rank=0) 
35a 39 
43a 44 
8a 44 
8b 45 
41a 45 
4b 47 
lb 51 
4a 52 
3a 55 
2a 60 
27b 60 
39a 64 
42b 67 
la 75 
2b 75 Fair Production 
3b 77 (rank=l) 
43b 80 
5b 87 
40b 88 
37a 91 
41b 114 
25b 128 
26b 130 Good Production 
30b 132 (rank=2) 
28cb 158 
MA = Mt. Ayr Fish Hatchery ponds (ponds 1-8), Iowa. 
^FL = Fairport Fish Hatchery lower ponds (ponds 25-30), Iowa. 
^FU = Fairport Fish Hatchery upper ponds (ponds 35-43), Iowa. 
"*3 = 1996 ponds, b = 1997 ponds. 
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Table 4. Ranking of walleye rearing ponds, based on survival, from 'MA, ^FL and ^FU 
hatchery ponds, Iowa, 1996-1997. 
^Pond Survival Arcsine Transformed Survival 
26a 0.005 0.071 
28ca 0.006 0.078 
30a 0.007 0.084 
28a 0.021 0.145 
5a 0.055 0.237 Poor Production 
42a 0.133 0.373 (rank=0) 
40a 0.195 0.457 
35a 0.276 0.553 
42b 0.286 0.564 
26b 0.348 0.631 
41a 0.367 0.651 
27b 0.378 0.662 
43 a 0.422 0.707 
8b 0.517 0.802 
3a 0.524 0.809 
41b 0.543 0.828 Fair Production 
8a 0.557 0.842 (rank=I) 
40b 0.562 0.848 
37a 0.565 0.850 
2a 0.593 0.879 
lb 0.644 0.931 
30b 0.659 0.947 
la 0.703 0.994 
2b 0.717 1.010 
4b 0.725 1.019 
39a 0.748 1.045 Good Production 
3b 0.779 1.081 (rank=2) 
28cb 0.827 1.142 
4a 0.856 1.182 
25b 0.866 1.196 
43 b 1.120 ~ 
5b 1.170 — 
'MA = Mt. Ayr Fish Hatchery ponds (ponds 1-8), Iowa. 
^FL = Fairport Fish Hatchery lower ponds (ponds 25-30), Iowa. 
^FU = Fairport Fish Hatchery upper ponds (ponds 35-43), Iowa. 
\ - 1996 ponds, b = 1997 ponds. 
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Table 5. 'Ranking of "MA, ^FL and "^FU walleye ponds, based on values of survival and 
production (kg/ha harvested) reported in the literature, Iowa, 1996-1997. 
Pond^ Survival Rank kg/ha Rank Total Rank 
26a 0 0 0.0 
28a 0 0 0.0 
28ca 0 0 0.0 
30a 0 0 0.0 
35a 0 0 0.0 Poor Production 
40a 0 0 0.0 (n=ll) 
42a 0 0 0.0 
5a 0 0 0.0 
41a 0 0 0.0 
43a 0 0 0.0 
27b 0 0 0.0 
42b 0 1 0.5 
8a 1 0 0.5 
8b 1 0 0.5 
3a 1 0 0.5 
lb 1 0 0.5 
2a 1 0 0.5 
26b 2 1.0 
37a 1 1 1.0 Fair Production 
40b 1 1 1.0 (n=12) 
4a 2 0 1.0 
4b 2 0 1.0 
39a 2 0 1.0 
41b 1 2 1.5 
la 2 1 1.5 
2b 2 1 1.5 
3b 2 1 1.5 
43b 2 1 1.5 
5b 2 1 1.5 Good Production 
25b 2 2 2.0 (n=9) 
28cb 2 2 2.0 
30b 2 2 2.0 
0 = poor productivity, 1 = fair productivity, 2 = good productivity. 
^MA = Mt. Ayr Fish Hatchery ponds (ponds 1-8), Iowa. 
^FL = Fairport Fish Hatchery lower ponds (ponds 25-30), Iowa. 
''FU = Fairport Fish Hatchery upper ponds (ponds 35-43), Iowa. 
= 1996 ponds, b = 1997 ponds. 
used to detect which groups were different. In the case of unequal variance or non-
normality, Kruskal-Wallis One Way ANOVA was used. If the difference among groups was 
significant, Dunn's multiple comparison test was used to detect which groups were different. 
All statistical analysis was done using Sigma Stat® (SPSS, Chicago, IL; formerly Jandel 
Scientific Corporation, San Rafael, CA). 
Results 
There were no significant differences among the three groups of ponds in dissolved 
oxygen, pH, total phosphorus, alkalinity, hardness or total dissolved solids (Table 6). 
However, there were significant (P<0.10) differences among the three groups of ponds in 
temperature, ammonia-N, nitrite-N, and nitrate-N. Temperature and ammonia were higher 
with better producing ponds, and nitrate-N was lower in better producing ponds. 
Nutrient ratios were also compared among the pond groups (Table 7). Total nitrogen 
(TN): total phosphorus (TP) ratio was not significantly different among groups. The NOsrTP 
ratios and Culver's (1991) TN (nitrate-N + ammonia-N):TP were significantly different 
among the groups; the better producing ponds had lower ratios. With both ratios, the good 
and poor production ponds were significantly (P<0.05) different from each other, but not the 
good and fair or poor and fair groups. 
While Culver's (1991) ratio and the NGsiTP were both significantly different among 
groups, the NOarTP ratios were considered in detail. This ratio was selected for further 
analysis because it is more simphstic; there are no additions in the numerator. The NOarTP 
ratios are presented on a weekly basis (Figure 1). This graph shows differences among the 
ponds in their NOsrTP mass ratios. The good production ponds have a comparatively low 
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Table 6. Mean, standard error (SEM) and ANOVA P-Value of water quality parameters 
grouped between 2 years of data during the walleye rearing season among good, poor and 
fair producing ponds, Iowa Department of Natural Resources, 'MA, "FL and ""FU hatchery 
ponds, 1996-1997. 
Parameter Rank n Mean SEM P-Value 
Good 9 7.7 0.70 
Dissolved Oxygen (mg/1) Fair 12 7.2 0.41 0.740^ 
Poor 11 6.9 0.45 
Good 9 8.4 0.12 
pH Fair 12 8.2 0.12 0.276^ 
Poor 11 8.2 0.11 
Good 9 18.7 0.35 
Temperature (C) Fair 12 17.8 0.39 0.020^ 
Poor 11 17.1 0.34 
Good 9 0.78 0.10 
Ammonia-N (mg/1) Fair 12 0.54 0.11 0.049^ 
Poor 11 0.42 0.04 
Good 9 0.055 0.00 
Nitrite-N (mg/1) Fair 12 0.039 0.00 0.093^ 
Poor 11 0.032 0.00 
Good 9 0.7 0.07 
Nitrate-N (mg/1) Fair 12 1.1 0.15 0.000^ 
Poor 11 1.6 0.15 
Good 9 0.20 0.03 
Total Phosphorus (mg/1) Fair 12 0.24 0.02 0.152-
Poor 11 0.28 0.01 
Good 9 110 4.2 
Alkalinity (mg/1 CaCOs) Fair 12 101 3.6 0.157^ 
Poor 11 100 3.0 
Good 9 145 10.6 
Hardness (mg/1 CaCOs) Fair 12 128 7.8 0.290^ 
Poor 11 140 4.4 
Good 9 196 15.5 
Total Dissolved Solids Fair 12 168 12.0 0.269^ 
Poor 11 186 8.5 
MA = Mt. Ayr Fish Hatchery ponds, Iowa. 
"FL = Fairport Fish Hatchery lower ponds, Iowa. 
"FU = Fairport Fish Hatchery upper ponds, Iowa. 
^ Kruskal-Wallis One Way ANOVA was used. 
' Univariate ANOVA was used. 
45 
Table 7. Mean, standard error (SEM), n and analysis of variance (ANOVA) P-values of 
nutrient ratios grouped between two years of data during the walleye rearing season among 
good, poor and fair producing ponds, 'MA, "FL and ^FU ponds, Iowa, 1996-1997. 
Parameter Rank Mean SEM n ANOVA P-Values 
Good 15.3 4.76 9 
TN:TP Fair 13.8 2.85 12 0.940^ 
Poor 11.4 1.46 11 
Good 6.9 1.39 9 
NOsiTP Fair 13.8 3.39 12 0.010^ 
Poor 18.2 1.95 11 
Good 11.6 1.53 9 
TN^:TP Fair 18.0 3.47 12 0.026^ 
Poor 21.1 2.34 11 
\ 
MA = Mt. Ayr Fish Hatchery ponds, Iowa. 
"FL = Fairport Fish Hatchery lower ponds, Iowa. 
^FU = Fairport Fish Hatchery upper ponds, Iowa. 
Univariate ANOVA was used. 
^ Kruskal-Wallis One Way ANOVA was used. 
^ Culver (1991) total nitrogen (Nitrate-N + Ammonia-N). 
46 
40 n 
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10 -
1 2 3 4 5 6 7 
Week 
Figure 1. Comparison of mean (bounded by SE) nitrate:total phosphorus mass ratios from 
poor, fair and good production ponds throughout the walleye culture season in Mt. Ayr and 
Fairport hatcheries, 1996-1997. (Week 5 data had erroneous values and axe left out of the 
figure). 
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(below 15) NOscTP ratio throughout the entire production period (below 10 for most of the 
period); fair ponds have an intermediate, but more variable ratio (below 25; below 15 for 
most of the period); and the poor production ponds have the highest ratio, which increases to 
almost 35 by the end of the culture season. In week 5, many of the phosphorus values were 
erroneously high; these values were omitted from the figure. 
From observations of the 1996 and 1997 seasons, it appeared that the nitrate levels or 
the nitrate and phosphorus ratios might be important factors in influencing ultimate fish 
production. We wanted to test the hypothesis that the nutrient ratios were an important fish 
production influence in 1998 through experimental manipulations of the pond nutrients. 
In the 1998 culture season, one half of the designated walleye ponds (experimental 
units) at each hatchery were randomly assigned to a management plan of adding phosphorus 
to attain NOsiTP ratios of 5-10 (treatment ponds), while the other half of the ponds were to 
be managed as in past years (control ponds). However, in 1998 nutrient ratios were lower in 
all ponds than in past years and no additions of fertilizer were required (Figure 2). Even 
though no statistical comparisons could be made, the 1998 season did have relatively high 
fish productivity results (Table 8). 
Discussion 
No significant differences were found among the dissolved oxygen levels in the 
ponds. Since these measiirements were taken at the time of sampling the other parameters, 
i.e., mid- to late-moming, they were of limited use to this study. There may have been 
differences in dissolved oxygen during the critical early morning hours that were not 
detectable by our sampling. 
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Figure 2. Comparison of mean (bounded by SE) nitratertotal phosphorus mass ratios from 
treatment and control ponds throughout the walleye culture season at Mt. Ayr and Fairport 
hatcheries, Iowa, 1998. 
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Table 8. Productivity results of 'MA, "FL and ^FU walleye rearing ponds, Iowa, 1998. 
Pond Number Species Yield (% survival) 
Production 
(kg/ha) 
Days 
in Culture 
Pond 1 Walleye 49 75.5 38 
Pond 2 Walleye 87 99.4 36 
C/3 
Pond 3 Walleye 51 50.5 36 
5 fl-
Pond 4 Walleye 57 57.1 40 
MM 
< Pond 5 Walleye 50 52.5 43 
Pond 6 Walleye 61 85.5 36 
Pond 7 Saugeye 53 62.4 32 
Pond 8 Saugeye 96 105.1 33 
Pond 25 Walleye 36 46.0 34 
Pond 26 Saugeye 2 23.3 42 
tn 
•a Pond 27 Walleye 4 20.4 35 
0 CL. Pond 28 Walleye 14 32.4 33 
r* Pond 28c Saugeye 14 21.1 37 
Pond 29 Walleye 6 30.2 32 
Pond 30 Walleye 1 8.9 35 
Pond 38 Saugeye 28 42.6 27 
Pond 39 Walleye 31 76.3 32 
•u t-" 
0 Pond 40 Walleye 39 57.9 27 
D 
u. 
Pond 41 Walleye 59 95.7 28 
Pond 42 Walleye 43 63.4 27 
Pond 43 Walleye 32 84.0 32 
'ma = Mt. Ayr Fish Hatchery ponds, Iowa. 
^FL = Fairport Fish Hatchery lower ponds, Iowa. 
^FU = Fairport Fish Hatchery upper ponds, Iowa. 
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Significant differences were found among groups of ponds in temperature, ammonia-
N, nitrite-N and nitrate-N. The arrunonia was higher in the good production ponds compared 
with the poor production ponds as is expected. Larger numbers of fish excrete more 
ammonia than fewer fish. The temperature was also higher in the better production ponds. 
This may be due to higher primary productivity, which could cause a higher rate of solar 
absorption, thus increasing temperatures (Boyd 1990). If temperatxu-es are higher in the 
better producing ponds due to higher primary productivity, this could cause a feedback 
mechanism to occur. If temperatures increased in higher productivity ponds, this would 
increase algae growth rate and increase temperatiures even more. The increase in 
temperatures would also increase fish metabolism, resulting in improved fish growth as well 
as increased ammonia secretion. The nitrate levels were significantly different among groups 
of ponds and phosphorus levels were not. Therefore, the nutrient ratios may just be a 
reflection of nitrate levels. However, based on studies previously mentioned, the nutrient 
ratios should be more important than individual nutrient levels. 
Of the three nutrient ratios compared, the N03:TP and Culver's (1991) TN:TP ratios 
were significantly different among groups of ponds. The significance of the NOa.'TP 
coincides with the results of McQueen and Lean (1987). They did not find a correlation with 
TN:TP ratios and percentage of blue-green algae (Cyanophyta) composition; however, the 
ratio of NOsrTP was negatively correlated with blue-green algae percent composition. The 
negative correlation with blue-green algae composition seems to be in conflict with our 
findings of better producing ponds having lower NOs.-TP ratios, as blue-green algae are not 
desirable in production ponds. However, blue-green algae were also foimd to have a positive 
correlation with temperature; they did not dominate any nutrient ratios below 17°C in a study 
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done by Tilman et al. (1986). Since most of the walleye production takes place at 
temperatures below 20°C, blue-green algae should not be a problem, or at least not until the 
end of the culture 
season. 
The convention has been to use total nitrogen and total phosphorus when studying 
nutrient ratios, however we did not see significant differences when using TN:TP. The 
nitrogen forms that are most available to phytoplankton in a usable form are nitrate- and 
ammonia-nitrogen (Culver 1991). Because these forms are available to phytoplankton, it 
makes sense to use inorganic nitrogen when comparing nutrient ratios as related to pond 
productivity. Even though ammonia-nitrogen is available to phytoplankton and may 
contribute to increased phytoplankton biomass, the unionized form is toxic to fish. 
Therefore, using NO3 alone may be a better measure when trying to relate nutrients to fish 
productivity. 
The phosphorus form that is most available to phytoplankton is soluble reactive 
phosphorus. We did not measure reactive phosphorus in this study because it changes so 
rapidly in ponds (Boyd 1990). McQueen and Lean (1987) found the TN:TP ratio to be a 
poor predictor of percent blue-green algae composition, and concluded that the NOsrTP ratio 
to be more closely related to algae composition. Their explanation for this result was that 
more than 80% of the TN was represented as particulate nitrogen so, although TN:TP ratios 
may have been high, much of the nitrogen was unavailable for algae metabolism. 
Downing and McCauley (1992) reported that when TN:TP mass ratios are < 14 and 
TP > 30 ng/1, nitrogen tends to be limiting. The ratios in the IDNR ponds are generally less 
than 14, but total phosphorus is typically less than 0.3 mg/1 or 30 ^g/1. Because the ponds 
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with good production have a lower NOsiTP ratios (~ 7), this indicates that phosphorus is 
limiting in the poorer production ponds at these hatcheries. To test the hypothesis that 
phosphorus is limiting, and that increasing phosphorus in these ponds to achieve a NOsrTP 
ratio between 5 and 10 will increase production, we planned to manipulate the nutrients in 
ponds in 1998. 
In the 1998 culture season, one half of the designated walleye ponds (experimental 
units) at each hatchery were randomly assigned to a management plan of adding phosphorus 
to attain NOjiTP ratios of 5-10 (treatment ponds), while the other half of the ponds were to 
be managed as in past years (control ponds). However, nutrient ratios were lower in all 
ponds in 1998 than in past years and no additions of fertilizer were required. 
Even though the 1998 study did not provide an experimental comparison of nutrient 
ratios, the hatcheries did have good fish productivity relative to past years. The yield from 
Mt. Ayr was one of the highest yield results ever. This good fish productivity resulted in a 
year when all NOsiTP ratios were low. 
From observations of the 1996 and 1997 seasons, it appeared that the nitrate and 
phosphorus ratios may be important factors in influencing ultimate fish production. We 
wanted to test this hypothesis in 1998 through experimental manipulations of the pond 
nutrients, but natural nutrient ratios were low in all ponds prohibiting comparisons. Even 
though the convention is to use TN:TP, the NOarTP ratio showed a significant difference 
among our pond groupings where TN:TP did not. Based on this finding, the N03:TP ratio 
may be important, and we believe it warrants further testing. 
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CHAPTER 4. RELATIONSHIPS AMONG FEEDING HABITS, ZOOPLANKTON 
POPULATIONS, AND CONDITION FACTORS OF CULTURED WALLEYE FRY 
A paper to be submitted to The North American Journal of Aquaculture 
Charles C. Mischke and Joseph E. Morris 
Abstract 
Walleye fiy are stocked by the Iowa Department of Natural Resources (IDNR) 
personnel into earthen production ponds and reared for approximately five weeks before 
being harvested and stocked into public waters. The rearing of the fiy is completely 
dependent on natural productivity of the ponds. In 1998 fish were sampled to determine 
feeding habits and condition factors of the fish reared in two EDNR hatcheries. Analysis of 
stomach contents indicated that the walleye showed a preference for copepods and Daphnia 
spp. Daphnia spp. mean body size was positively correlated with fish length and K-factors at 
harvest, but negatively correlated with net fish yield (NFY). Daphnia spp. mean density over 
the culture season was positively correlated with net biomass increase (NBI), net fish yield 
(NFY), yield and production. Using this information, fertilization schemes should 
concentrate on increasing numbers of Daphnia spp. in the production ponds throughout the 
culture season. 
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Introduction 
The Iowa Department of Natural Resources (IDNR) personnel rear walleye 
(Stizostedion vitreum) and saugeye {S. vitreum x S. canadense) for approximately five weeks 
in earthen ponds before stocking the fry into public waters. Two hatcheries, Fairport and Mt. 
Ayr, produce the majority of walleye for Iowa public waters. 
Over the years, there has been a wide range of production (kg/ha) and yield (% 
survival) results both between and within the two hatchery systems. Biologists at these 
hatcheries have expressed interest in developing fertilization strategies to reduce variation 
and increase fish productivity results. 
Many studies have been conducted on walleye feeding habits under intensive culture. 
Various authors have reported slightly different zooplankton food organisms ingested by 
larval walleye throughout the production period (Table 1). Generally the trend seems to be 
that walleye fry first consume mostly copepods and small chironomid larvae the first 2 weeks 
of culture, and then progress to more chironomid larvae and larger sizes of copepods. 
Rotifers have been reported to be ingested, but seem to play a small part in the diets of larval 
walleye. Cladocerans may become important as fish get larger, but chironomid larvae and 
pupa, and copepods are also reported to be important. 
Production ponds, when first filled, go through a general succession pattern of 
zooplankton (Geiger 1983b). Rotifers, because of their very short egg-to-egg generation 
time, generally are the first of the zooplankton to appear and reach peak populations. 
Cladocerans have a competitive advantage over rotifers due to their higher filtration rates and 
ability to ingest a wider range of food particles. Cladoceran egg-to-egg generation time is 
intermediate between rotifers and copepods and cladocerans generally peak a few days after 
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Table 1. Food organisms eaten by larval walleye throughout the production period as 
reported in the literature. 
Reference Food Organism Progression 
Fox et al. 1989 Week 1-2, copepods and small chironomid larvae. 
After week 2, increasing quantity of mid-sized (>3mm) 
chironomid larvae and pupae. 
(No rotifers, few copepod nauplii; cladocerans <1/3 biomass in 
any week, despite dominance in water column) 
Fox and Flowers 1990 Week 1, Cyclopoida copepods 
Week 2-3, progressively switch to Daphnia geleata and 
chironomid larvae and pupae. 
After week 3, irrmiature aquatic insects (primarily chironomids). 
Fox 1989 Week 1-2, chironomid larvae and Cyclopoida copepods. 
After week 2, chironomids. 
Mathias and Li 1982 First food - planktonic crustaceans (1.2 mm). 
Size selection more important than species. 
Juveniles shifted to Chaborus and mayflies, then Gammarus, 
then small fish. 
Summerfelt 1996 First, rotifer and copepod nauplii, Cyclopoida copepods, or small 
soft-bodied cladocerans. 
As fish grow, switch to larger Cladocera and immatxure insects 
(chironomids). 
Summerfelt et al. 1993 A progression of copepod nauplii, copepods, small cladocerans, 
larger cladocerans, and finally chironomids. 
Jahn et al. 1989 Fish < 28 mm ~ rotifers 
Fish > 28 mm ~ copepods. 
Fish > 32 mm ~ chironomids and copepods and cladocerans. 
Harding 1991 Week 1-3, copepods. 
Week 3-7, more and more cliironomids and a few cladocerans. 
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the rotifer population peak. Copepods have a competitive advantage over both rotifers and 
cladocerans due to their considerably wider size range of prey. The copepod populations are 
slower to develop because of the relatively long egg-to-egg generation times. When they do 
develop, they out-compete the rotifers and cladocerans and reach peak populations after the 
rotifer and cladoceran peaks. 
Depending on the species of fish fry being cultured, different groups of zooplankton 
are considered "desirable". Larval yellow perch and the reciprocal hybrid striped bass have 
small mouth sizes that require them to consimie the smaller zooplankton at first feeding, e.g., 
rotifers. In contrast, the original hybrid striped bass cross, walleye and saugeye larvae have 
much larger mouths that allow them to consume larger prey, e.g., copepods. 
Some researchers have looked at filling ponds at various times before stocking so fish 
are stocked when optimum zooplankton populations are at their peak. Geiger and Turner 
(1990) recommended filling ponds 10 to 14 d before stocking original hybrid striped bass 
{Morone saxatilis x M. chrysops) to allow time for the crustacean zooplankton populations to 
become established. Ludwig (1999) recommended filling ponds according to temperatures 
when culturing the reciprocal hybrid striped bass {M. chrysops x M. saxatilis) to allow time 
for the rotifer populations to become established. 
To establish more efficient fertilization strategies, a better understanding of larval 
walleye food habits and zooplankton populations is needed. The objectives of this study 
were to investigate relationships among feeding habits, zooplankton populations and fish 
productivity in these hatchery systems to determine both the species and sizes of "desirable" 
zooplankton. This knowledge will allow for improved fertilization regimes to be developed. 
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Methods 
Sample Sites 
Two IDNR fish hatchery pond systems were used in this study. The first system, Mt. 
Ayr, is located in south central Iowa, Ringold County. Its eight earthen ponds (MA ponds) 
range from 0.16-1.35 ha (6.5 ha total) and are filled with water from the Loch Ayr Reservoir. 
Ponds are initially fertilized with alfalfa meal at a rate of 168 kg/ha and three d later at a rate 
of 112 kg/ha. Ponds are subsequently fertilized approximately every four d at a rate of 56 
kg/ha. Total fertilization rates are approximately 560-670 kg/ha for each pond. All eight 
ponds are used each year for walleye and saugeye production. 
The second hatchery, Fairport, is located on the Mississippi River in Muscatine 
County. The Mississippi River supplies the water for the facility that consists of 15 earthen 
ponds used for walleye culture (range 0.13-1.84 ha) 16.9 ha total. Generally, twelve ponds 
are used for walleye and saugeye production each year. Currently, no fertilizers are added to 
production ponds. At Fairport, approximately half of the ponds are right next to the river (FL 
ponds) and the other half of the ponds are several meters away from the river on higher 
ground (FU ponds). The FL ponds generally have much poorer production results than the 
FU ponds due to clam shrimp Caenestheriella spp. and zebra mussel Dreissena polymorpha 
infestations. Clam shrimp are a nuisance in production ponds because they clog screens 
during draining and reduce fish production. Dexter and McCarraher (1967) reported clam 
shrimp to reduce fish production by 60 to 80% in goldfish (jCarassiids auratus) production 
ponds. Clam shrimp have also been reported to reduce production of both fingerling walleye 
and northern pike when present in large numbers (Luzier and SummerfeU 1993). Because of 
the large differences among FU and FL ponds, the two groups of ponds are treated as 
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separate systems. 
At both hatcheries, 1- to 3-d old walleye are stocked into the ponds as they are filling 
and then reared in the ponds for 25 to 50 d, depending on walleye growth and stocking needs. 
Fry are stocked in MA ponds at approximately 200,000 fiy/ha and in FU and PL ponds at 
approximately 300,000 fiy/ha. Productivity of the ponds varies according to year, 
hatchery and pond. 
Fish Sampling 
In 1998 we collected fish fi^om each pond 3 weeks into the culture season, just prior 
to harvest and again at harvest. Thirty fish firom each pond were captured using a seine net. 
After capture, fish were placed in a concentrated solution of Finquel® (Argent Chemical 
Laboratories, Redmond, WA) to be killed. Fish were then weighed, measured and preserved 
in a 10% formalin solution buffered with sodium tetraborate. Weights and lengths of 
preserved fish were measured in the laboratory prior to stomach removal. Invertebrates fi*om 
stomach contents were then identified according to Pennak (1989) and enumerated; body 
lengths of cladocerans and copepods present were measured. 
Zooplankton Sampling 
Zooplankton samples were collected using oblique 2-m tows with an SO-jom mesh 
Wisconsin-style net (Wildlife Supply Company, Saginaw, MI) fi-om three locations per pond. 
Oblique tows are the best type of net sampling method for small shallow production ponds 
(Geiger 1984). Each tow filtered a total of 22.6 1; the total volume of water filtered per pond 
being 67.9 1. Composite samples were preserved using chilled 4% formalin/sucrose solution 
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buffered with sodium tetraborate (Geiger and Turner 1990). Three 1-ml sub-samples were 
removed from the original samples with a Hensen-Stempel pipette, enumerated and identified 
according to Pennak (1989) using a phase-contrast compound microscope. The sub-samples 
were averaged and the number/1 for each sample was calculated. 
Body measmements of up to 30 of each type of copepod and cladoceran present were 
also made. Copepod lengths were based on the length of the metasome plus the urosome, 
which is the length from the tip of the head to the segment just before the tail splits (Pennak 
1989). For cladocerans, total carapace was measured, excluding posterior spines and 
"helmet" formations. 
Data Analysis 
The IDNR personnel obtained production and yield data at harvest. Because of 
inherent difficulties of using survival and bioraass data from ponds with unequal survival, the 
normalized biomass increase (NBI) parameter was calculated (Conklin et al. 1975). NBI 
uses the equation: 
NBI = ((Wf*Nf) - (Wi*Ni))/Ni, 
Where Wf = final fish weight, Wi = initial fish weight, Nf = final number of fish, and N,- = 
initial number of fish. 
Net fish yield (NFY) was also calculated for each pond. NFY is a rate measure, 
giving an indication of how quickly fish biomass is being produced (Knud-Hansen 1998). 
NFY is calculated by the equation: 
NFY = (Standing Crop at Ti - Standing Crop at To)/(Ti-To). 
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The condition factors (K) were calculated using the mean individual lengths and 
weights for fish from each pond. K was calculated using the same equation as used by 
Clouse (1991): 
K = (mean weight (g) x 10^)/(length (mm)^). 
For analysis of stomach contents, we used a diet preference software program, 
PREFER (Frank and Kopas 1985). This program ranks prey items according to usage and 
availability. If all food items are not equally preferred, the Waller Duncan test (Waller and 
Duncan 1969) is then used to detect significant differences between items. 
Spearman Rank Correlations (P<0.10) were used to detect correlations among 
zooplankton sizes and numbers with the various productivity indices. All correlations were 
done using Sigma Stat® (SPSS, Chicago, IL, formerly Jandel Scientific Corporation, San 
Rafael, CA). 
Results and Discussion 
Within MA ponds there were better yields than in most years (Figure 1). At the 
conclusion of the 1998 walleye season, productivity of the ponds was typical for FU and FL 
ponds. FL ponds typically have low productivity ponds due to zebra mussel and clam shrimp 
infestation. 
K-factors for fish were calculated based preserved fish lengths and weights (Table 2). 
K-factors decreased in all MA and FU ponds from the first sampling date to harvest. This 
would indicate that food resources became limiting in these ponds even though stocking rates 
in MA ponds (200,000 fry/ha) and FU and FL ponds (300,000 firy/ha) are at the lower end of 
the range reported by other authors. Fox and Flowers (1990) used rates of 600,000 fiy/ha 
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Figure 1. Yield survival) and production (kg/ha) from walleye rearing ponds for Mt. Ayr 
and Fairport Hatcheries, Iowa, 1998. Mt. Ayr ponds are ponds 1-8; Fairport lower ponds are 
ponds 25-30; Fairport upper ponds are ponds 38-43. 
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Table 2. Mean weights in grams (SEM), mean lengths in mm (SEM) from preserved fish, 
and K-factors for 30 larval walleye at mid-season (three weeks after stocking) and just prior 
to harvest for 'MA, *FL and ^FU hatchery ponds, Iowa, 1998. 
Mid-Season Harvest 
Pond Mean Weight 
Mean v -c ^ T K-Factor Length 
Mean 
Weight 
Mean 
Length K-Factor 
1 0.1 (0.01) 23.3(0.33) 0.87 1.0(0.16) 49.3(1.66) 0.87 
2 0.1 (O.Ol) 23.6(0.30) 0.89 0.5(0.02) 41.7(0.54) 0.78 
C/3 
•c 
3 0.1 (0.01) 22.2(0.30) 0.85 0.5(0.02) 40.2(0.48) 0.81 
o 
a. 
4 0.1 (0.01) 22.6(0.29) 0.78 0.6(0.03) 43.3(0.72) 0.73 
< 5 0.1 (0.01) 21.6(0.23) 0.86 0.6(0.02) 42.1(0.51) 0.80 
6 0.1 (0.01) 23.8(0.24) 0.89 0.6(0.03) 41.4(0.61) 0.84 
7 0.2 (0.01) 27.6(0.27) 0.98 0.7(0.04) 43.4(0.68) 0.85 
8 O.I (0.01) 25.5(0.29) 0.91 0.8(0.04) 46.9(0.62) 0.76 
38 0.3 (0.01) 34.0(0.22) 0.89 0.5(0.02) 40.6(0.42) 0.75 
t/i 39 0.3 (0.01) 30.9(0.38) 0.93 0.8(0.03) 47.2(0.58) 0.77 
w 
5 Cl. 40 0.3 (0.01) 32.4(0.22) 0.89 0.5(0.02) 39.4(0.44) 0.87 
D b. 41 0.2 (0.01) 31.4(0.30) 0.87 0.5(0.02) 40.4(0.37) 0.72 
42 0.2 (0.01) 31.2(0.21) 0.86 0.5(0.02) 41.4(0.38) 0.83 
43 0.2 (0.02) 30.1(0.50) 0.89 0.7(0.02) 46.1(0.50) 0.77 
26 0.1 (0.01) 25.7(0.27) 0.86 4.6(0.36) 80.9(2.33) 0.88 
t/i 27 0.1 (0.01) 22.9(0.41) 0.83 1.7(0.22) 56.0(2.64) 1.14 
o 
a. 
28 0.2 (0.02) 30.3(0.46) 0.97 0.8(0.03) 46.9(0.50) 0.78 
u 
tL, 28c 0.1 (0.01) 26.0(0.19) 0.85 0.3(0.02) 35.6(0.44) 0.77 
29 0.4 (0.02) 34.5(0.47) 0.93 1.6(0.06) 58.5(0.72) 0.81 
30 0.0(0.01) 21.2(0.49) 0.77 2.5(0.14) 68.9(1.15) 0.79 
MA = Mt. Ayr Fish Hatchery ponds, Iowa. T 
"FL = Fairport Fish Hatchery lower ponds, Iowa. 
^FU = Fairport Fish Hatchery upper ponds, Iowa. 
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and 200,000 fiy/ha; Fox (1989) and Fox et al. (1989) used 400,000 fiy/ha; Clouse (1991) 
used -375,000 fiy/ha; Jahn (1989) used 250,000 fry/ha; and Harding (1991) used 250,000 
and 375,000 fry/ha. Therefore, the lower K-factors are probably not an indication of a 
decrease in fish well-being, but a reflection of normal allometric growth. Walleye growth 
would be close to isometric; however, between the larval and juvenile stages the body shape 
probably changes enough to affect the condition factors. 
The other measures of fish productivity (NBI and NFY) that incorporate survival and 
biomass or express a rate are presented in Figure 2. These indices show the same pattern 
asyield and production graphs, but are more meaningful measurements. Knud-Hansen 
(1998) recommended using NFY because the goal is to grow fish as quickly as possible, so 
increasing overall fish productivity and not necessarily fish production should be the 
objective. 
Lengths of fish three weeks into production show less variability both within and 
between ponds at MA ponds compared to FU and FL ponds (Figure 3). Fish lengths in FL 
ponds are extremely variable. By harvest, measurements of fish fi-om MA and FU ponds 
were very similar in length and variability (Figure 4). Fish lengths in FL ponds were again 
extremely variable. 
Stomach content analyses (prey numbers and sizes) firom MA ponds (Table 3), FL 
ponds (Table 4), and FU ponds (Table 5), indicate that walleye are consxmiing mostly 
copepods and Daphnia spp. along with a few Diptera 3 weeks into the culture season. To a 
lesser extent, Bosmina spp. and chydorids are also consumed. In a FL pond (pond 30), 
cannibalism was ahready beginning to appear. 
At harvest, fish were consuming the same organisms, but fewer copepods and 
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Figixre 2. Net fish yield (NFY) and normalized biomass increase (NBI) for Mt. Ayr and 
Fairport walleye rearing ponds, Iowa, 1998. Mt. Ayr ponds are ponds 1-8; Fairport lower 
ponds are ponds 25-30; Fairport upper ponds are ponds 38-43. 
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Figure 3. Mid-season median lengths of preserved fish (n=30) showing the lO"*, 25'^', 75*'' 
and 90"^ percentiles for Mt. Ayr (above) and Fairport (below), Iowa, 1998. 
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Figure 4. Harvest median lengths of preserved fish (n=30) showing the lO"', 75*^ and 
90"' percentiles for Mt. Ayr (above) and Fairport (below), Iowa, 1998. 
Table 3. Fish lengths and stomach contents for walleye from mid-season, 'MA ponds, Iowa, 1998. 
Pond Number I 2 3 4 5 6 7 8 
Sample Size (Fish) 30 30 30 30 30 30 30 30 
Mean Fish Size [mni(SEM)] 23.3(0.33) 23.6(0.30) 22.2(0.30) 22.6(0.29) 21.6(1.3) 23.8(0.24) 27.6(0.27) 25.5(0.29) 
Fish Size Range (mm) 20-28  18-26  19-26  20-25  19-24  21-27  25-31  22-29  
Prey: 
Copepod Mean Number (SEM) 18(3.2) 11(2.0) 6(1.1) 24(3.6) 34(4.5) 13(4.2) 19(6.6) 4(1.1) 
Mean Size (fim) 980(30.1) 999(24.6) 921(32.2) 929(25.2) 784(33.0) 803(28.4) 843(33.7) 825(31.4) 
Daphnia spp. Mean Number (SEM) 7(2.1) 2(1.3) 8(2.2) 2(1.0) 1(0.4) 16(2.9) 50(6.0) 30(4.2) 
Mean Size (^m) 762(19.9) 826(48.5) 847(21.9) 906(54.5) 953(105.6) 785(15.5) 862(17.9) 803(16.0) 
Ceriodaphnia Mean Number (SEM) 0 0 0 0 0 0 0 0 
Mean Size (^ m) 
Bosmina spp. Mean Number (SEM) 0 0 tr tr 0 0 0 tr 
Mean Size (^m) 438(37.5) 400(-) 450(75.0) 
Chydorid Mean Number (SEM) 0 0 0 0 0 0 0 0 
Mean Size (fim) 
Diptera Mean Number (SEM) 3(0.9) 7(1.2) 5(1.5) 6(1.2) 3(0.8) 1(0.4) 1(0.3) 2(0.6) 
Ephimeroptera Mean Number (SEM) 0 0 0 0 0 0 0 0 
Walleye Mean Number (SEM) 0 0 0 0 0 0 0 0 
'MA = Mt. Ayr Fish Hatchery ponds, Iowa. 
("tr" indicates a mean < 1). 
Table 4. Fish lengths and stomach contents for walleye from mid-season, 'FL ponds, Iowa, 1998. 
Pond Number 26 27 28 28C 29 30 
Sample Size (Fish) 30 30 30 30 30 30 
Mean Fish Size [mm(SEM)] 25.7(0.27) 22.9(0.41) 30.3(0.46) 26.2(0.24) 34.5(0.47) 21.2(0.48) 
Fish Size Range (mm) 2 3 - 2 9  1 7 - 2 6  2 5 - 3 5  2 4 - 2 9  3 0 - 3 9  1 7 - 2 6  
Prey; 
Copepod Mean Number (SEM) 10(2.1) 1(0.2) 8(3.8) 10(2.7) 2(0.9) 2(0.5) 
Mean Size (^m) 562(22.6) 706(56.2) 818(47.2) 534(23.7) 1371(68.7) 535(42.5) 
Daphnia spp. Mean Number (SEM) 2(1.4) tr 19(4.1) tr 26(2.5) 3(1.4) 
Mean Size (^m) 711(43.5) 1022(405.8) 750(18.4) 517(40.5) 1379(27.3) 600(50.7) 
Ceriodaphnia Mean Number (SEM) 0 0 0 0 0 0 
Mean Size (^m) 
Bosmim spp. Mean Number (SEM) 9(1.9) 1(0.7) 5(2.1) 17(3.9) tr 1(0.2) 
Mean Size (|im) 369(8.2) 392(35.0) 478(11.0) 370(5.6) 516(58.0) 388(12.9) 
Chydorid Mean Number (SEM) tr 1(0.3) tr tr 0 1(0.2) 
Mean Size (|im) 318(18.1 ) 308 (21.4) 375(-) 333(18.5) 332(28.9) 
Diptera Mean Number (SEM) 2(0.4) 2(0.3) 8(1.9) 5(1.1) 2(0.4) 3(0.5) 
Ephimeropteran Mean Number (SEM) 0 0 2(0.7) 0 0 0 
Walleye Mean Number (SEM) 0 0 0 0 0 tr 
'FL = Fairport Fish Hatchery lower ponds, Iowa. 
("tr" indicates a mean < 1). 
Table 5. Fish stomach contents for walleye from mid-season, 'FU ponds, Iowa, 1998. 
Pond Number 38 39 40 41 42 43 
Sample Size (Fish) 30 30 30 30 30 30 
Mean Fish Size [mm(SEM)l 34.0(0.22) 30.9(0.38) 32.4(0.22) 31.4(0.30) 31.2(0.21) 30.1(0.50) 
Fish Size Range (mm) 32-36  25-35  30-34  26-35  27-33  22-35  
Prey: 
Copepod Mean Number (SEM) 20(3.9) 31(3.9) 12(2.2) 12(3.9) 32(3.5) 15(3.2) 
Mean Size (^m) 737(15.5) 853(10.8) 910(16.0) 826(21.5) 818(6.7) 853(16.0) 
Daphnia spp. Mean Number (SEM) 14(2.3) 27(3.8) 13(4.0) 7(2.6) 9(2.4) 22(2.9) 
Mean Size (^m) 714(17.0) 972(23.8) 830(31.4) 809(33.9) 809(21.1) 898(17.6) 
Ceriodaphnia Mean Number (SEM) 0 0 0 0 0 0 
Mean Size (^m) 
Bosmina spp. Mean Number (SEM) 9(1.4) 1(0.6) 1(0.3) 1(0.2) 2(0.6) tr 
Mean Size (^im) 429(9.5) 435(18.5) 437(21.2) 420(17.7) 456(12.7) 455(36.3) 
Chydorid Mean Number (SEM) 0 0 0 0 0 tr 
Mean Size (^m) 308(22.0) 
Diptera Mean Number (SEM) 1(0.2) tr 4(0.7) 7(0.6) 2(0.4) tr 
Ephimeropteran Mean Number (SEM) tr 0 0 0 tr tr 
Walleye Mean Number (SEM) 0 0 0 0 0 0 
'FU = Fairport Fish Hatchery upper ponds, Iowa. 
("tr" indicates a mean < 1). 
Table 6. Fish stomach contents for walleye at harvest, 'MA ponds, Iowa, 1998. 
Pond Number 1 2 3 4 5 6 7 8 
Sample Size (Fish) 29 30 30 30 30 30 37 32 
Mean Fish Size [mm(SEM)] 49(1.7) 42(0.5) 40(0.5) 43(0.7) 42(0.5) 41(0.6) 43(0.7) 47(0.6) 
Fish Size Range (mm) 38-83  34-47  35-45  36-53  36 - 48 36-49  36-59  41  -55  
Prey: 
Copepod Mean Number (SEM) 2(0.8) 24(6.3) 6(5.5) 3(1.7) 16(3.7) 12(4.0) 74(14.0) 7(4.3) 
Mean Size (^m) 1017(38.5) 724(18.2) 956(56.6) 840(49.3) 790(25.5) 880(16.5) 824(15.5) 816(45.9) 
Daphnia spp. Mean Number tr 1(0.1) tr tr tr 5(1.5) 5(1.3) tr 
Mean Size (pm) 825(75.0) 818(61.8) lOOO(-) 729(86.0) 605(32.3) 942(45.2) 940(37.2) 675(-) 
Ceriodaphnia Mean Number tr 0 0 0 0 0 0 0 
Mean Size (pm) 1044(-) 
Bosmim spp. Mean Number tr 1(0.5) tr 0 tr 0 1(0.3) tr 
Mean Size (pm) 450(-) 399(19.7) 333(-) 400(-) 392(10.7) 394(15.5) 
Chydorid Mean Number (SEM) tr tr 0 tr 0 0 0 0 
Mean Size (pm) 700(50) 499(21.8) 875(-) 
Diptera Mean Number (SEM) 20(3.7) 2(0.4) 7(1.9) 13(2.0) 3(0.8) 4.6(1.0) 7(1.5) 6(1.5) 
Ephimeropteran Mean Number 0 tr 0 tr tr tr tr tr 
Walleye Mean Number (SEM) tr 0 0 0 0 0 tr 0 
'MA =  Ml .  Ayr  F i sh  Ha tche ry  ponds ,  Iowa .  
("tr" indicates a mean < I). 
Table 7. Fish stomach contents for walleye at harvest, 'FL ponds, Iowa, 1998. 
Pond Number 26 27 28 28c 29 30 
Sample Size (Fish) 30 30 35 30 30 30 
Mean Fish Size [nim(SEM)] 81(2.3) 56(2.6) 47(0.5) 36(0.5) 58(0.7) 69(1.2) 
Fish Size Range (mm) 46-100  38-78  41-55  31  -45  52-66  57-80  
Prey; 
Copepod Mean Number (SEM) tr 1(0.6) 3(1.2) 2(1.0) 2(1.0) 0 
Mean Size (pm) 875(-) 927(69.5) 762(25.5) 702(34.4) 
Daphnia spp. Mean Number (SEM) 3(1.4) 6(3.1) tr 9(2.5) tr 1(0.5) 
Mean Size (pm) 1261(41.6) 1071(54.7) 606(49.3) 679(34.9) 1082(-) 1109(76.7) 
Ceriodaphnia Mean Number (SEM) 0 0 1(0.5) 0 0 0 
Mean Size (pm) 612(36.0) 
Bosmina spp. Mean Number (SEM) 0 tr 11(9.8) 13(9.5) 0 0 
Mean Size (pm) 425(-) 422(9.3) 386(10.5) 
Chydorid Mean Number (SEM) 0 tr tr 1(0.6) 0 0 
Mean Size (pm) 553(31.4) 500(175) 354(27.9) 
Diptera Mean Number (SEM) 2(0.6) 1(0.3) 3(0.5) tr tr 2(0.8) 
Ephimeropteran Mean Number (SEM) 0 tr tr tr tr tr 
Walleye Mean Number (SEM) 1(0.2) tr 0 0 0 tr 
'FL = Fairport Fish Hatchery lower ponds, Iowa. 
("tr" indicates a mean < 1). 
Table 8, Fish stomach contents for walleye at harvest, 'FU ponds, Iowa, 1998. 
Pond Number 38 39 40 41 42 43 
Sample Size (Fish) 30 30 30 30 30 30 
Mean Fish Size [inin(SEM)] 40(0.4) 47(0.6) 39(0.4) 41(0.4) 40(0.4) 46(0.5) 
Fish Size Range (mm) 36-45 38-53 34-42 38-45 35-45 39-50 
Prey; 
Copepod Mean Number (SEM) 6(3.2) 2(1.6) tr tr 2(2.0) 11(6.4) 
Mean Size (fim) 904(32.5) 933(39.8) 958(82.9) 1250(-) 930.8(51.5) 810(40.2) 
Daphnia spp. Mean Number (SEM) 12(3.2) 2(1.2) 2(1.3) 0 4(0.6) tr 
Mean Size (|im) 1301(60.5) 682(78.7) 1113(121.8) 1152(69.8) 628(-) 
Ceriodaphnia Mean Number (SEM) 0 0 0 0 0 0 
Mean Size (^m) 
Bosmina spp. Mean Number (SEM) tr tr tr 0 0 tr 
Mean Size (^m) 401(20.9) 375(-) 375(-) 421(4.2) 
Chydorid Mean Number (SEM) 0 0 0 0 tr tr 
Mean Size (^m) 375(-) 342(12.0) 
Diptera Mean Number (SEM) 1(0.6) tr 2(0.5) tr 4(0.7) tr 
Ephimeropteran Mean Number (SEM) tr 0 0 0 tr 0 
Walleye Mean Number (SEM) 0 0 0 0 0 0 
'FU = Fairport Fish Hatchery upper ponds, Iowa. 
("tr" indicates a mean < 1). 
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Daphnia spp. (Tables 6, 7 and 8). Cannibalism became more prevalent in both MA and FL 
ponds. 
Different preferences for zooplankton prey items occurred throughout the culture 
period. In MA ponds (Table 9), there was a preference for copepods and Bosmina spp. by 
walleye at the first sample date (3 weeks into the culture season). By the last two sample 
dates (just prior to and at harvest) there was a shift to Daphnia spp. being the preferred prey 
item. Chydorids did show up as being prefened, but their consumption was probably 
incidental. In FL ponds (Table 10), Daphnia spp. were preferred in most ponds at both 
sample dates. In FU ponds (Table 11) both Daphnia spp. and copepods were preferred by 
the fish. 
Because Daphnia spp. and copepods were the preferred zooplankton throughout the 
culture season, Spearman Rank correlation was done to determine if there were correlations 
between sizes of prey items and prey numbers present in the production ponds throughout the 
season with the various productivity measures. Mean values of zooplankton size and 
numbers were calculated for each pond for the entire production period. Scatter plots of the 
relationships between zooplankton size and numbers with the various fish productivity 
measures are presented (Figure 5). 
Most of the significant (P<0.10) conelations occurred with the Daphnia spp. 
populations (Table 12). Daphnia spp. mean size over the production period was positively 
correlated with K-factors at harvest (0.46) and fish mean length at harvest (0.69). Daphnia 
spp. mean body size was negatively correlated with NFY (-0.43). Zaret (1980) showed that 
large zooplankton sizes indicate low fish predation pressure. In the IDNR ponds with the 
largest mean fish lengths and greatest K-factors, there was generally low survival, large 
Table 9. Prey preference of walleye fry (n=30) for different zooplankton groups from 'MA ponds, Iowa, 1998, using the software 
program PREFER (Frank and Kopas 1985). Prey are listed in order of preference rank for each pond and date. 
Pond I Pond 2 
5/19 612 6/6 (harvest) 5/19 6/2 6/4 (harvest) 
Copepod* Daphnia spp. Daphnia spp. Copepod* Daphnia spp.* Chydoridae* 
Bosmina spp* Bosmina spp. Chydoridae Bosmina spp.* Bosmina spp. Daphnia spp.* 
Daphnia spp. Chydoridae Ceriodaphnia* Daphnia spp. Copepod Copepod 
Copepod Copepod Bosmina spp. 
Bosmina spp. 
Pond 3 Pond 4 
5/19 612 6/4 (harvest) 5/19 6/2 6/8 (harvest) 
Copepod Copepod* Daphnia spp.* Bosmina spp.* Chydoridae Daphnia spp.* 
Bosmina spp* Daphnia spp.* Copepod* Copepod Daphnia spp.* Bosmina spp.* 
Daphnia spp. Bosmina spp. Bosmina spp. Daphnia spp. Copepod Copepod 
Bosmina spp. 
Pond 5 Pond 6 
5/19 6/2 6/11 (harvest) 5/19 6/2 6/4 (harvest) 
Daphnia spp,* Chydoridae Copepod Copepod Daphnia spp.* Daphnia spp.* 
Copepod* Daphnia spp. Daphnia spp.* Bosmina spp. * Bosmina spp. Copepod 
Bosmina spp. Copepod Bosmina spp. Daphnia spp. Copepod Bosmina spp. 
Ceriodaphnia 
Bosmina spp. 
'MA = Mt, Ayr Fish Hatchery ponds, Iowa. 
'"indicates significance of item over all items ranked lower. 
Table 10. Prey preference of walleye fry (n=30) for different zooplankton groups from 'FL ponds, Iowa, 1998, using the software 
program PREFER (Frank and Kopas 1985). Prey are listed in order of preference rank for each pond and date. 
Pond 26 Pond 27 Pond 28 
5/20 6/15 (harvest) 5/20 6/8 (harvest) 5/20 6/1 (harvest) 
Daphnia spp.* Daphnia spp.* Daphnia spp. Daphnia spp.* Daphnia spp.* Chydoridae* 
Copepod* Copepod* Chydoridae* Chydoridae* Copepod* Ceriodaphnia* 
Chydoridae* Bosmina spp. Copepod* Copepod* Bosmina spp. Daphnia spp. 
Bosmina spp. Bosmina spp. Ceriodaphnia* Copepod* 
Bosmina spp. Bosmina spp. 
Pond 28c Pond 29 Pond 30 
5/20 
Chydoridae* 
Copepod* 
Daphnia spp.* 
Bosmina spp. 
6/8 (harvest) 
Daphnia spp.* 
Chydoridae* 
Ceriodaphnia 
Copepod* 
Bosmina spp. 
5/20 
Daphnia spp.* 
Copepod 
Bosmina spp. 
6/1 (harvest) 
Stomachs void of 
plankton except for 
1 fish with 
copepods 
5/20 
Chydoridae* 
Daphnia spp.* 
Copepod* 
Bosmina spp. 
6/8 (harvest) 
Stomachs void of 
plankton except for 
5 fish with 
copepods 
'FL = Fairport Fish Hatchery lower ponds, Iowa. 
* indicates significance of item over all items ranked lower. 
Table 11. Prey preference of walleye fry (n=30) for different zooplankton groups from 'FU ponds, Iowa, 1998, using the software 
program PREFER (Frank and Kopas 1985). Prey are listed in order of preference rank for each pond and date. 
Pond 38 Pond 39 Pond 40 
5/20 
Daphnia spp.* 
Copepod* 
Bosmim spp. 
5/26 (harvest) 
Copepod* 
Daphnia spp. 
Bosmina spp. 
Pond 41 
5/20 
Daphnia spp.* 
Copepod* 
Bosmina spp. 
6/1 (harvest) 
Copepod* 
Daphnia spp.* 
Bosmina spp. 
Pond 42 
5/20 
Daphnia spp.* 
Copepod* 
Bosmina spp. 
5/26 (harvesfk 
Copepod* 
Daphnia spp.* 
Bosmina spp. 
Pond 43 
5/20 
Daphnia spp.* 
Copepod* 
Bosmim spp. 
5/27 (harvest") 
No Zooplankton 
Except for 1 Fish 
with Copepod 
5/20 
Copepod 
Daphnia spp.* 
Bosmina spp. 
5/26 (harvesf) 
Daphnia spp.* 
Copepod 
5/20 
Daphnia spp.* 
Chydoridae* 
Copepod* 
Bosmina spp. 
6/1 (harvest) 
Ceriodaphnia* 
Daphnia spp.* 
Chydoridae 
Copepod* 
Bosmina spp. 
'FU = Fairport Fish Hatchery upper ponds, Iowa. 
* indicates significance of item over all items ranked lower. 
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variation in fish size and more incidence of cannibalism. These ponds would have had fewer 
fish to exert predation pressure on Daphnia spp. populations; thus, Daphnia spp. populations 
were able to attain greater body sizes. The positive correlation with K-factors and fish mean 
length is expected because of lower survival in ponds with high K-factors and large fish 
lengths. The lower survival allows the fish that do survive to attain larger sizes due to 
increased availability of food resources; cannibalism is also more prevalent in the larger sizes 
of fish. However, the overall NFY is negatively correlated with Daphnia spp. body size 
because of the reduced fish survival. 
Mean Daphnia spp. numbers were positively correlated with NBI (0.68), NFY (0.46), 
production (0.58) and yield (0.72). Positive correlations with productivity indices are 
expected because Daphnia spp. are preferred prey items; more numbers of preferred prey 
items should lead to higher fish productivity. 
Calanoida copepod size showed the opposite correlations of Daphnia spp. (Table 12). 
Calanoida size was negatively correlated with K-factors (-0.47) while Calanoida numbers 
had the same pattern as Daphnia spp., and were positively correlated with NBI (0.52) and 
yield (0.59). We do not have an explanation for the negative correlation of Calanoida size 
and K- factor, but the positive correlation with Calanoida numbers with NBI and yield would 
indicate that larger numbers of Calanoida are desirable. It has been reported that it is the 
Cyclopoida copepods that are preyed upon by walleye (Fox and Flowers 1990; Summerfelt 
1996), but we did not find significant correlations with Cyclopoida copepods and 
productivity measures (Table 12). Calanoida and Cyclopoida copepods from the stomach 
contents are difficult to distinguish, but these results would indicate that walleye are 
consiuning Calanoida. 
Table 12. Spearman Rank Correlation coefficients (P-Values) for various fish productivity measures and mean Daphnia spp., 
cyclopoid and calanoid size and density over the 1998 walleye culture season (n=20) for 'MA, ^FL and ^FU fish hatchery ponds, Iowa. 
Fish Daphnia spp. Cyclopoid Calanoid 
Productivity Mean Size (^in) Daphnia spp./l Mean Size (^m) Cyclopoid/1 Mean Size Calanoid/I 
K-factors 0.46 -0.02 
-0.305 -0.240 -0.465 -0.127 
(0.038) (0.922) (0.187) (0.305) (0.038) (0.590) 
Fish Length 
0.69 -0.13 0.203 -0.146 -0.305 -0.133 
(0.000) (0.568) (0.385) (0.534) (0.187) (0.572) 
NBI 
-0.29 0.68 -0.256 0.201 0.130 0.518 
(0.213) (0.000) (0.272) (0.388) (0.577) (0.020) 
NFY 
-0.43 0.46 0.018 0.272 0.374 0.185 
(0.056) (0.040) (0.937) (0.241) (0.103) (0.429) 
Production 1 o
 
0.58 -0.064 0.266 0.245 0.330 
(0.153) (0.007) (0.782) (0.252) (0.292) (0.153) 
Yield 
-0.27 0.72 -0.300 0.193 0.072 0.587 
(0.246) (0.000) (0.194) (0.407) (0.758) (0.007) 
'MA = Mt. Ayr Fish Hatchery ponds, Iowa. 
^FL = Fairport Fish Hatchery lower ponds, Iowa. 
^FU = Fairport Fish Hatchery upper ponds, Iowa. 
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Conclusions 
The stomach content analysis indicated that juvenile walleye show a preference for 
copepods and Daphnia spp.. Based on the correlation analyses, Daphnia spp. are the most 
important zooplankton in influencing ultimate fish productivity. Larger numbers of Daphnia 
spp. were significantly correlated with higher productivity indices. This suggests that 
fertilization programs should concentrate on increasing the numbers of Daphnia spp. in 
ponds throughout the production period. 
However, adding Daphnia spp. to production ponds to get this result may not be 
advisable. Clouse (1991) found that zooplankton inoculation actually led to decreased fish 
survival in walleye rearing ponds. He speculated that the inoculation of zooplankton upset 
the established zooplankton population and may have led to a zooplankton forage base that 
was made up of individuals that were too large in size for the walleye to initially consimie. It 
would probably be a better approach to increase Daphnia spp. populations by fertilization 
programs and timing of pond filling strategies. 
Mean sizes of Daphnia spp. in ponds may also be an important indicator of how well 
the culture season is progressing. If there are many large Daphnia spp. present during the 
culture season, this may be an indication that fish predation is low and that fish survival 
success was minimal. 
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CHAPTER 5. BENTHIC INVERTEBRATE TRENDS IN WALLEYE PRODUCTION 
PONDS 
A paper to be submitted to the Journal of Applied Aquaculture 
Charles C. Mischke and Joseph E. Morris 
Abstract 
Walleye fiy are commonly stocked into production ponds just after hatching and 
reared for a period of 4- to 8-weeks before being harvested and stocked elsewhere. This 
initial production period is when the walleye fry are consuming zooplankton and small 
benthic organisms. We observed the benthic organism trends in two Iowa Department of 
Natiu-al Resources production ponds over 3 years. Correlations among the numbers of 
benthic organisms and various water quality parameters were explored. Numbers of 
dipterans, annelids and nematodes were all positively correlated with phosphorus levels when 
using the combined data over the 3 years; however, there were not clear pattems between 
densities of benthic organisms and nutrient levels when comparing the correlations among 
combined data, years and hatcheries. Correlations among the numbers of benthic organisms 
and ultimate fish productivity were also explored. Benthic populations were quite variable 
among years and between ponds. Diptera, Annelida and Nematoda numbers all tended to be 
positively correlated with all fish productivity measures. Of the benthic organisms, larval 
walleye consimie Chironomidae, members of the Diptera order, especially towards the end of 
the culture season. The positive correlations with fish productivity and nematodes and 
annelids is probably a reflection of overall pond productivity since walleye fry do not eat 
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nematodes or annelids. The Diptera densities were strongly correlated with fish productivity 
measures when Diptera numbers were low but not when Diptera numbers were high. Higher 
Diptera populations should be desirable in production ponds, especially towards the end of 
the culture season, to ensure adequate food supplies. However, reasons for differences in 
benthic populations are not clear. Nutrients may have an effect on the benthic communities, 
but so may organic substrates in the ponds. Further study is needed to determine how to 
increase Diptera populations in production ponds. 
Introduction 
Walleye (Stizostedion vitreum) larvae are commonly stocked into production ponds at 
hatching and reared in these ponds for four to eight weeks. Natural production of the ponds 
is relied on for the fish's food source and is therefore critical to the success of the culture 
season. 
At the onset of exogenous feeding, fiy consume copepods and small chironomid (a 
Diptera family) larvae. As the fish grow, they begin to switch to larger zooplankton, e.g., 
Daphnia spp. and larger chironomid larvae. After about 3 weeks in culture, walleye fry show 
a preference for immature Diptera, primarily chironomids (Jahn et al. 1989; Fox 1989; Fox 
and Flowers 1990; Sununerfelt et al. 1993). By the end of the culture season walleye larvae 
are feeding primarily on aquatic insects and benthic organisms and will begin to exhibit 
cannibalism toward the end of the cultiire season if not removed from the ponds (Fox et al. 
1989, Fox and Flowers 1990, Summerfelt et al. 1993). Therefore, benthic organism 
populations are important for walleye culture, especially towards the end of the typical 
culture period. 
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Most studies dealing with pond fertilization have not investigated benthic 
populations, but have focused solely on fish productivity and zooplankton populations. 
Clouse (1991) conducted one study that did investigate benthic populations in production 
ponds. He reported that ponds fertilized with alfalfa pellets and meals had increased 
populations of the Diptera family, Chironomidae. Chironomidae were noted as a diverse 
group whose populations are enhanced by the addition of organic fertilizers (increasing 
detritus, algae and zooplankton) that provide a diversity of food resources. 
Because of the succession of feeding habits of larval walleye, it is beneficial to be 
able to control the species and numbers of benthic organisms in the production ponds at the 
different stages of walleye feeding. Organic fertilizers are commonly added to production 
ponds to increase the benthic forage base for the walleye. However, fertilizers are commonly 
added on a pre-set amount and schedule, and the actual benthic population responses are 
often ignored. 
A better understanding of benthic population trends and how they relate to nutrients 
and other chemical and biological factors is necessary for more efficient fertilization 
strategies. The objective of this study is to analyze how benthic populations change in 
relation to various water quality parameters in larval walleye production ponds and how 
these changes affect fish productivity. We concentrated on benthic dynamics in walleye 
production ponds, but results should be applicable to the production of other species that 
switch to benthic organisms as well. 
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Methods 
Study Sites 
The Iowa Department of Natural Resources (DDNR) currently operates several 
production ponds. Such ponds are economically important because they supply the fish 
needed to stock public and private waters in the state. Two hatchery systems were sampled 
in this study. The first system, Mt. Ayr, is located in south central Iowa, Ringold County. Its 
eight earthen ponds (MA ponds) range fi-om 0.16-1.35 ha (6.5 ha total), are filled with water 
from the Loch Ayr Reservoir. Ponds are initially fertilized with alfalfa meal at a rate of 168 
kg/ha and three days later at a rate of 112 kg/ha. Ponds are subsequently fertilized 
approximately every four days at a rate of 56 kg/ha. Total fertilization rates are 
approximately 560-670 kg/ha for each pond. All eight ponds are used each year for walleye 
and saugeye production. 
The second hatchery, Fairport, is located on the Mississippi River in Muscatine 
County. The Mississippi River supplies the water for the facility that consists of 19 earthen 
ponds that range from 0.13-1.84 surface ha (16.9 surface ha total). Generally, twelve ponds 
are used for walleye and saugeye production each year. Currently, no fertilizers are added to 
production ponds. At Fairport, approximately half of the ponds, the lower ponds (FL ponds), 
are right next to the river and the other half of the ponds, the upper ponds (FU ponds), are 
several meters away from the river on higher ground. The FL ponds generally have much 
poorer production results than the FU ponds due to clam shrimp Caenestheriella spp. and 
zebra mussel Dreissena polymorpha infestations. Clam shrimp are a nuisance in production 
ponds because they clog screens during draining and reduce fish production. Dexter and 
McCarraher (1967) reported clam shrimp to reduce fish production by 60 to 80% in goldfish 
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(Carassius auratus) production ponds. Clam shrimp have also been reported to reduce 
production of both fingerling walleye and northern pike when present in large numbers 
(Luzier and Summerfelt 1993). Because of the large differences among FU and FL ponds, 
the two groups of ponds are treated as separate systems. 
At both hatcheries, 1- to 3-d old walleye are stocked into the ponds as they are filling 
and then reared in the ponds for 25 to 50 d, depending on walleye growth and stocking needs. 
Fry are stocked in MA ponds at approximately 200,000 fiy/ha and at FL and FU ponds at 
approximately 300,000 fry/ha. Productivity of the ponds varies according to year, hatchery 
and pond. Productivity of the ponds varies from year to year, from hatchery to hatchery, and 
from pond to pond. 
Water Chemistry 
Water chemistry was monitored throughout the production period. Samples were 
collected weekly using a 5.0-cm PVC tube sampler to collect the top 1 m (2-1 sample) of the 
water column from three locations in each pond. The three sample locations are at the 
drainage area of each pond, and at half the distance on both sides of the pond adjacent to the 
basin. Composite water samples were placed in acid-washed polyethylene bottles and 
packed in coolers for laboratory analysis. Ammonia nitrogen, nitrate nitrogen, and nitrite 
nitrogen; total phosphorus; and total alkalinity, hardness, iron, and silica were determined 
using a HACH 2000 spectrophotometer (HACH Chemical Company, Loveland, Colorado). 
Total nitrogen was also measured using second-derivative analyses (Crumpton et al. 1992). 
Temperatures, dissolved oxygen, pH and total dissolved solids (TDS) were measured on site 
each week. 
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Benthic Organisms 
Benthic samples were collected each week from three sites in each pond. A Eckman 
dredge (225 cm") was used to collect samples at a 1 -m depth in each pond. The three 
samples from each pond were combined and rinsed through a No. 30 sieve (APHA 1992). 
Rinsed samples were then placed in whirlpak bags and preserved in a rose-bengaL'buffered 
formalin solution. In the laboratory, samples were again rinsed through a No. 30 sieve to 
remove formalin and additional mud. Samples were then placed in white pans, and 
organisms were removed with forceps. Organisms were then placed in 70% ethanol and later 
identified and counted. 
Fish Productivity 
Fish yield (% survival) and production (kg/ha) was provided by the IDNR at harvest. 
From this data, various productivity indices were calculated. The normalized biomass 
increase (NBI) was calculated to overcome difficulties of using survival and biomass data 
from ponds with unequal survival (Conklin et al. 1975). NBI uses the equation; 
NBI = ((Wf*Nf) - (Wi*Ni))/Ni, 
Where Wf = final fish weight, Wi = initial fish weight, Nf = final number of fish, and Nj = 
initial number of fish. 
Net fish yield (NFY) is a rate of productivity measure that was calculated to give an 
indication of how quickly fish biomass is being produced (Knud-Hansen 1998). NFY is 
calculated by the equation: 
NFY = (Standing Crop at Ti - Standing Crop at To)/(Ti-To). 
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Data Analysis 
Spearman Rank Correlations (P<0.10) were used to detect correlations among water 
quality, benthic populations and fish productivity using Sigma Stat® (SPSS, Chicago, IL, 
formerly Jandel Scientific Corporation, San Rafael, CA). Correlation analysis was done on 
the combined data of all 3 years and hatcheries, data from each year and data from each 
hatchery. 
Results and Discussion 
Mean water quality values for each pond over the production period for each year are 
presented (Tables 1-6). Mean dissolved oxygen levels were measured in this study, but since 
these readings were taken during mid-moming to early afternoon, they are of minor use to 
this study. Ammonia and pH were above the desirable range (i.e., unionized ammonia <0.02; 
pH 6.5 - 8.0) in MA ponds in 1997 and 1998 (Summerfelt 1996). However, it did not appear 
that these higher than recommended ammonia levels had any effect on fish production. 
Recommended values of ammonia are based on toxicity studies with fish confined to small 
containers of water and a constant ammonia level. In production ponds, fish can swim away 
from areas of high ammonia through vertical migration or swimming towards water inlets. 
Also, the ammonia in production ponds changes rapidly, so there is not the constant exposure 
that occurs in toxicity testing. All other parameters were within the desirable range for 
walleye culture (Summerfelt 1996). 
Fish production was variable (Tables 7-9). Lowest overall productivity occurred in 
1996; best productivity overall occurred in 1997. FL ponds typically exhibit lower overall 
productivity due to clam shrimp and zebra mussel infestations. In all three years, populations 
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Table 1. Mean weekly levels (SEM) of nitrogen compounds for MA ponds, Iowa, during 
the walleye rearing seasons, 1996 - 1998. 
Pond Number 
Parameter Year 1 8 
1996 0.9 1.9 1.4 1.6 1.8 1.8 1.6 2.2 (0.58) (1.62) (1.00) (1.70) (1.59) (1.64) (0.57) (1.62) 
Nitrate 1997 0.6 0.8 0.8 1.0 1.2 I.O 1.2 1.2 (mg/1) (0.44) (0.36) (0.26) (0.34) (0.63) (0.41) (0.47) (0.99) 
1998 0.6 1.0 0.6 0.9 0.9 0.5 0.5 0.6 (0.64) (0.19) (0.32) (0.43) (0.57) (0.27) (0.26) (0.28) 
1996 0.018 0.025 0.016 0.020 0.033 0.012 0.012 0.015 (0.014) (0.019) (0.013) (0.017) (0.019) (0.018) (0.014) (0.016) 
Nitrite 1997 0.073 0.080 0.078 0.107 0.087 0.089 0.080 0.068 (mg/1) (0.059) (0.045) (0.047) (0.042) (0.047) (0.050) (0.057) (0.054) 
1998 0.035 0.069 0.045 0.063 0.061 0.035 0.040 0.047 (0.026) (0.016) (0.017) (0.035) (0.036) (0.038) (0.044) (0.039) 
1996 0.33 0.55 0.24 0.26 0.49 0.16 0.43 0.36 (0.319) (0.386) (0.167) (0.149) (0.311) (0.095) (0.422) (0.262) 
TAN 1997 1.14 1.03 1.09 1.56 1.30 1.24 1.13 0.96 (mg/1) (0.669) (0.650) (0.717) (0.741) (0.656) (0.731) (0.775) (0.699) 
1998 2.75 1.72 1.27 1.33 1.21 0.96 0.90 1.10 (0.000) (0.625) (0.544) (0.335) (0.463) (0.399) (0.524) (0.451) 
1996 0.01 0.03 0.00 0.01 0.01 0.00 0.01 0.01 (0.006) (0.024) (0.002) (0.007) (0.003) (0.002) (0.004) (0.003) 
NHj 1997 0.06 0.05 0.05 0.05 0.04 0.04 0.04 0.03 (mg/1) (0.011) (0.006) (0.009) (0.008) (0.009) (0.006) (0.008) (0.007) 
1998 0.46 0.14 0.12 0.12 0.12 0.12 0.07 0.10 (0.089) (0.030) (0.026) (0.054) (0.045) (0.043) (0.011) (0.047) 
1996 1.52 1.43 1.20 1.22 1.63 1.29 1.18 1.32 
Total 
Nitrogen 
(mg/1) 
(0.144) (0.084) (0.139) (0.127) (0.22) (0.143) (0.13) (0.118) 
1997 1.69 1.39 1.37 1.43 1.53 1.64 1.62 1.26 (0.188) (0.119) (0.125) (0.143) (0.159) 
• 
(0.146) 
1998 1.18 0.99 1.06 1.27 1.00 1.47 1.52 1.72 (0.263) (0.267) (0.268) (0.366) (0.233) (0.15) (0.170) (0.177) 
MA = Mt. Ayr Fish Hatchery ponds, Iowa. 
("." indicates missing data.) 
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Table 2. Mean weekly water quality parameters (SEM) for 'MA ponds during the walleye 
rearing seasons, 1996 -1998. 
Pond Number 
Parameter Year 8 
1996 6.9 6.8 6.8 7.1 6.2 7.5 7.4 7.0 (1.75) (1.94) (1.84) (1.75) (2.73) (1.27) (1.48) (1.48) 
D.O. 1997 5.5 5.8 5.8 5.5 4.5 4.8 4.8 5.5 (mg/1) (0.44) (0.83) (1.42) (1.05) (1.97) (1-46) (1.28) (0.95) 
1998 8.0 8.2 8.6 8.1 8.1 8.2 8.7 8.7 (0.55) (1.21) (2.29) (0.87) (1.79) (1.00) (0.88) (0.68) 
1996 8.0 7.9 7.8 7.7 7.8 7.9 7.9 7.8 (0.48) (0.53) (0.32) (0.46) (0.53) (0.20) (0.34) (0.32) 
pH 1997 8.2 8.2 8.2 8.0 8.0 8.0 8.0 8.0 (0.14) (0.19) (0.23) (0.11) (0.31) (0.12) (0.10) (0.24) 
1998 8.8 8.4 8.5 8.4 8.5 8.6 8.5 8.5 (0.25) (0.13) (0.28) (0.46) (0.51) (0.51) (0.28) (0.33) 
1996 
1997 
1998 
17 16 17 16 16 17 17 17 
Temperature 
CO 
(3.3) 
20 
(3.9) 
(3.2) 
19 
(3.8) 
(3.3) 
19 
(3.0) 
(3.4) 
19 
(3.4) 
(3.1) 
19 
(2.9) 
(3.6) 
19 
(3.8) 
(3.6) 
18 
(3.1) 
(3.6) 
19 
(3.4) 
1996 
1997 
1998 
0.23 0.28 0.22 0.22 0.28 0.22 0.22 0.24 
Total 
Phosphorus 
(mg/1) 
(0.373) 
0.26 
(0.351) 
0.25 
(0.380) 
0.28 
(0.381) 
0.31 
(0.352) 
0.41 
(0.381) 
0.34 
(0.380) 
0.32 
(0.372) 
0.28 
(0.172) 
0.18 
(0.107) 
(0.125) 
0.21 
(0.067) 
(0.180) 
0.18 
(0.073) 
(0.159) 
0.19 
(0.064) 
(0.292) 
0.18 
(0.066) 
(0.147) 
0.21 
(0.214) 
(0.191) 
0.16 
(0.088) 
(0.130) 
0.16 
(0.102) 
1996 
1997 
1998 
98 88 98 90 86 95 93 89 
Alkalinity 
(mg/1) 
(18.1) 
109 
(9.9) 
100 
(8.0) 
104 
(9.8) 
97 
(10.8) 
94 
(8.4) 
97 
(8.4) 
96 
(8.4) 
98 
(22.4) 
90 
(10.4) 
83 
(7.5) 
74 
(9.0) 
77 
(8.3) 
80 
(9.1) 
82 
(10.5) 
80 
(8.5) 
80 
Hardness 
(mg/1) 
1996 
1997 
1998 
112 
(11.8) 
125 
(29.9) 
104 
(13.2) 
110 
(8.1) 
111 
(8.5) 
114 
(8.4) 
105 
(9.2) 
106 
(7.1) 
101 
(11.4) 
106 
(6.6) 
112 
(9.7) 
110 
(5.5) 
111 
(15.6) 
109 
(4.8) 
106 
(11.4) 
106 
(7.3) 
1996 140 (6.0) 
129 
(6.8) 
138 
(6.7) 
133 
(7.7) 
121 
(11.3) 
140 
(7.5) 
134 
(5.3) 
133 
(1.6) 
TDS 
(mg/1) 1997 
152 
(9.5) 
150 
(10.7) 
154 
(9.7) 
147 
(10.0) 
146 
(10.2) 
148 
(11.3) 
147 
(11.0) 
146 
(10.7) 
1998 153 (9.3) 
140 
(6.1) 
141 
(2.9) 
135 
(4.1) 
134 
(5.2) 
142 
(3.6) 
143 
(5.4) 
141 
(34) 
("." indicates missing data.). 
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Table 3. Mean weekly nitrogen levels (SEM) for 'FL ponds, Iowa, during the walleye 
rearing seasons, 1996 - 1998. 
Pond Number 
Parameter Year 25 26 27 28 28c 29 30 
1996 0.76 0.57 0.54 0.66 0.47 0.34 0.47 (0.888) (0.344) (0.224) (0.370) (0.185) (0.166) (0.294) 
TAN 1997 0.43 0.33 0.33 0.41 0.80 0.40 0.55 (mg/1) (0.302) (0.162) (0.249) (0.284) (0.998) (0.215) (0.414) 
1998 .X 0.51 0.63 0.66 0.84 0.77 0.53 (0.315) (0.385) (0.523) (0.921) (0.493) (0.277) 
1996 0.036 0.057 0.060 0.030 0.037 0.032 0.040 (0.036) (0.053) (0.041) (0.024) (0.028) (0.028) (0.036) 
Nitrite 1997 0.039 0.033 0.023 0.035 0.041 0.042 0.030 (mg/1) (0.016) (0.012) (0.016) (0.033) (0.029) (0.010) (0.018) 
1998 X 0.046 0.044 0.058 0.046 0.055 0.057 (0.008) (0.007) (0.016) (0.008) (0.013) (0.010) 
1996 2.1 1.9 1.9 2.0 2.1 1.7 2.1 (1-72) (1.83) (1.03) (1.71) (1-41) (0.66) (1.45) 
Nitrate 1997 0.5 0.6 0.5 0.5 0.6 0.7 0.5 (mg/1) (0.30) (0.56) (0.62; (0.54) (0.61) (0.30) (0.40) 
1998 1.0 1.0 1.0 1.2 1.2 1.5 X (0.50) (0.54) (0.44) (0.53) (0.40) (0.39) 
1996 0.02 0.01 .01 0.02 0.01 0.03 0.02 (0.008) (0.006) (0.002) (0.013) (0.003) (0.016) (0.009) 
NH3 1997 0.06 0.07 0.07 0.09 0.23 0.08 0.14 (mg/1) (0.034) (0.014) (0.018) (0.040) (0.159) (0.080) (0.051) 
1998 0.08 0.08 0.09 0.16 0.17 0.09 X (0.025) (0.023) (0.029) (0.082) (0.074) (0.028) 
Total Nitrogen 
(mgA) 
1996 
1997 
1998 
1.52 
(0.370) 
1.60 
(0.242) 
1.19 
(0.304) 
1.61 
(0.270) 
2.87 
(0.369) 
1.58 
(0.144) 
1.43 
(0.303) 
2.78 
(0.348) 
0.13 
(0.275) 
1.38 
(0.171) 
1.33 1.29 
(0.240) (0.212) 
3.04 2.99 
(0.719) (0.367) 
1.54 
(0.383) 
1.56 
(0.232) 
3.10 
(0.423) 
1.58 
(0.403) 
1.32 
(0.219) 
3.31 
(0.345) 
FL = Fairport Fish Hatchery lower ponds, Iowa, 
("x" indicates pond was not in production that year.) 
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Table 4. Mean weekly water quality parameters (SEM) for 'FL ponds, Iowa, during the 
walleye rearing seasons, 1996 - 1998. 
Pond Number 
Parameter Year 25 26 27 28 28c 29 30 
1 QQ< 6.3 4.9 4.5 5.1 4.8 8.7 7.0 1^70 (2.75) (2.67) (1.67) (3.31) (1.56) (3.06) (2.46) 
D.O. 1 QQ7 9.2 10.2 8.3 8.9 10.7 9.6 10.2 
(mg/1) (5.06) (4.73) (2.80) (2.66) (4.43) (4.69) (4.52) 
1 QOQ 9.3 8.6 10.1 12.4 13.4 9.0 1^70 X (3.40) (1.95) (2.47) (4.38) (6.76) (1.63) 
1996 8.0 7.9 7.7 7.9 7.8 8.4 8.0 (0.56) (0.54) (0.25) (0.66) (0.30) (0.57) (0.58) 
pH 1997 8.7 8.9 8.9 8.9 8.9 8.7 8.9 (0.52) (0.26) (0.17) (0.19) (0.20) (0.38) (0.31) 
1998 8.7 8.7 8.9 8.9 8.9 8.8 X (0.25) (0.16) (0.52) (0.31) (0.46) (0.16) 
1996 
1997 
1998 
17 17 17 17 17 18 17 
Temperature 
(°C) 
(3.4) 
18 
(3.1) 
20 
(2.8) 
20 
(3.1) 
19 
(2.8) 
20 
(3.5) 
20 
(3.4) 
20 
(3.7) 
X 
(3.7) (3.8; (5.0) (3.5) (3.9) (3.9) 
1996 
1997 
1998 
0.28 0.31 0.33 0.28 0.26 0.30 0.27 
Total 
Phosphorus 
(mg/1) 
(0.351) 
0.12 
(0.049) 
(0.337) 
0.11 
(0.062) 
0.11 
(0.331) 
0.11 
(0.030) 
0.12 
(0.357) 
0.09 
(0.057) 
0.10 
(0.364) 
0.14 
(0.070) 
0.10 
(0.341) 
0.13 
(0.037) 
0.11 
(0.363) 
0.14 
(0.038) 
0.12 
X (0.027) (0.042) (0.047) (0.018) (0.029) (0.031) 
Alkalinity 
(mgl CaC03) 
1996 
1997 
1998 
107 
(17.5) 
131 
(27.8) 
X 
104 
(16.2) 
122 
(25.1) 
146 
106 
(16.2) 
114 
(9.0) 
143 
102 
(19.6) 
116 
(9.0) 
123 
104 
(15.4) 
124 
(10.0) 
146 
102 
(14.2) 
121 
(7.7) 
120 
115 
(19.9) 
113 
(11-4) 
151 
1996 148 138 148 135 145 145 148 
Hardness 
(mg/1 CaC03) 
(21.2) (13.7) (8.9) (9.1) (12.4) (12.2) (13.7) 
1997 
1998 
177 
(30.0) 
X 
166 
(19.2) 
160 
(12.4) 
163 
(13.7) 
173 
(15.2) 
173 
(11.0) 
165 
(14.7) 
1996 195 (33.8) 
183 
(24.5) 
194 
(10.9) 
184 
(22.5) 
195 
(15.4) 
193 
(28.4) 
198 
(30.8) 
TDS 
(mg/1) 1997 
233 
(19.1) 
234 
(23.8) 
229 
(13.4) 
229 
(13.8) 
253 
(39.8) 
239 
(11.3) 
224 
(10.4) 
1998 
X 
290 
(10.5) 
296 
(7.3) 
268 
(10.2) 
277 
(13.0) 
268 
(22.3) 
290 
(9.9) 
FL = Fairport Fish Hatchery lower ponds, Iowa. 
("." indicates missing data; "x" indicates pond was not in production that year.) 
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Table 5. Mean weekly nitrogen levels (SEM) for 'FU ponds, Iowa, dxiring the walleye 
rearing seasons, 1996 - 1998. 
Pond Number 
Parameter Year 35 36 37 38 39 40 41 42 43 
TAN 
(mg/l) 
1996 
1997 
1998 
0.51 0.35 0.29 
(0.273) (0.061) (0.105) 
0.41 
(0.212) 
0.47 
(0.415) 
0.60 
(0.290) 
1.33 
(1.035) 
0.12 
(0.124) 
0.55 
(0.240) 
0.52 
(0.283) 
0.22 
(0.126) 
0.52 
(0.322) 
0.44 
(0.277) 
0.35 
(0.090) 
0.44 
(0.266) 
0.48 
(0.291) 
0.32 
(0.181) 
0.45 
(0.279) 
0.40 
(0.288) 
0.28 
(0.072) 
0.75 
(0.618) 
0.64 
(0.379) 
Nitrite 
(mg/1) 
1996 
1997 
1998 
0.032 
(0.026) 
0.032 
(0.027) 
0.014 
(0.004) 
O.OlO 
(0.009) 
0.022 
(0.014) 
0.024 
(0.013) 
0.047 
(0.044) 
0.007 
(0.004) 
0.029 
(0.017) 
0.051 
(0.035) 
0.011 
(0.011) 
0.040 
(0.012) 
0.068 
(0.013) 
0.017 
(0.010) 
0.048 
(0.017) 
0.062 
(0.017) 
0.035 
(0.026) 
0.078 
(0.041) 
0.056 
(0.014) 
0.032 
(0.031) 
0.053 
(0.013) 
0.055 
(0.021) 
1996 1.5 1.6 1.0 1.5 1.1 1.1 1.3 1.9 1.8 (0.82) (1.17) (0.88) (1.24) (0.97) (0.94) (1.08) (0.63) (1.28) 
Nitrate 1997 0.4 0.3 0.4 0.6 0.7 0.8 0.6 (mg/l) X (0.07) X (0.19) (0.29) (0.33) (0.44) (0.43) (0.22) 
1998 X X 0.7 0.7 1.0 1.1 0.9 0.8 X (0.71) (0.72) (0.54) (0.65) (0.57) (0.51) 
1996 0.05 0.02 0.03 0.01 0.02 0.03 0.02 0.03 0.03 (0.033) (0.008) (0.019) (0.006) (0.018) (0.010) (0.005) (0.010) (0.011) 
NH3 
(mg/l) 1997 X 
0.06 
(0.041) X 
0.15 
(0.069) 
0.11 
(0.038) 
0.07 
(0.034) 
0.06 
(0.033) 
0.07 
(0.041) 
0.10 
(0.087) 
1998 0.66 0.17 0.11 0.12 0.09 0.12 X X X (0.233) (0.076) (0.049) (0.039) (0.048) (0.054) 
1996 1.43 1.21 0.76 1.18 0.82 1.04 1.40 1.31 1.89 
Total 
(0.085) (0.141) (0.102) (0.054) (0.139) (0.168) (0.224) (0.218) (0.456) 
1997 1.20 1.40 1.38 1.50 1.86 1.89 1.64 Nitrogen 
(mg/l) 
X (0.194) X (0.129) (0.122) (0.165) (0.096) (0.243) (0.158) 
1998 2.59 2.96 3.26 3.24 2.83 2.70 X X X (0.656) (0.568) (0.478) (0.550) (0.454) (0.359) 
'FU = Fairport Fish Hatchery upper ponds, Iowa, 
("x" indicates pond was not in production that year.) 
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Table 6. Mean weekly water quality parameters (SEM) for 'FU ponds, Iowa, during the 
walleye rearing seasons, 1996 - 1998. 
Pond Number 
Parameter Year 35 36 37 38 39 40 41 42 43 
D.O. 
(mg/l) 
1996 
1997 
1998 
8.0 
(3.51) 
7.3 
(0.22) 
9.9 
(1.13) 
8.1 
(1.74) 
5.9 
(1.77) 
8.3 
(4.68) 
14.8 
(6.90) 
7.8 
(2.48) 
8.9 
(3.19) 
12.6 
(6.29) 
8.4 
(1.32) 
8.8 
(3.33) 
11.7 
(6.15) 
6.8 
(1.18) 
8.0 
(3.29) 
11.9 
(6.32) 
8.2 
(2.60) 
7.7 
(3.06) 
12.2 
(2.84) 
8.6 
(1.46) 
8.0 
(2.95) 
10.4 
(5.17) 
pH 
1996 
1997 
1998 
8.3 
(0.61) 
8.2 
(0.30) 
8.7 
(0.30) 
8.6 
(0.35) 
8.0 
(0.37) 
8.8 
(0.49) 
9.6 
(0.19) 
8.6 
(0.49) 
8.8 
(0.35) 
9.2 
(0.36) 
8.5 
(0.35) 
8.7 
(0.42) 
9.1 
(0.39) 
8.1 
(0.28) 
8.6 
(0.50) 
9.1 
(0.38) 
8.5 
(0.53) 
8.6 
(0.49) 
8.5 
(1.50) 
8.5 
(0.54) 
8.4 
(0.49) 
8.9 
(0.44) 
1996 
Temperature 
(°C) 1997 
16 17 16 17 16 17 18 16 16 
(3.9) 
X 
(4.0) 
16 
(1.0) 
(3.5) 
X 
(4.0) 
18 
(3.6) 
(3.4) 
18 
(3.3) 
(3.8) 
18 
(3.5) 
(3.5) 
18 
(3.2) 
(3.2) 
18 
(3.4) 
(3.3) 
17 
(2.6) 
1998 X X X . 
Total 
Phosphorus 
(mg/l) 
1996 
1997 
1998 
0.29 
(0.417) 
0.40 
(0.432) 
0.26 
(0.035) 
0.33 
(0.407) 
0.44 
(0.403) 
0.20 
(0.080) 
0.20 
(0.053) 
0.31 
(0.406) 
0.12 
(0.047) 
0.12 
(0.027) 
0.30 
(0.404) 
0.13 
(0.038) 
O.IO 
(0.028) 
0.31 
(0.398) 
0.12 
(0.058) 
0.13 
(0.048) 
0.32 
(0.391) 
0.13 
(0.082) 
0.14 
(0.028) 
0.32 
(0.404) 
0.13 
(0.077) 
0.15 
(0.035) 
Alkalinity 
(mg/l) 
1996 
1997 
1998 
89 
(12.0) 
X 
X 
115 
(11.4) 
92 
(0.7) 
X 
96 
(10.1) 
114 
(14.9) 
106 
(18.1) 
110 
90 
(1.4) 
105 
(5.7) 
110 
100 
(15.2) 
115 
(11.9) 
142 
106 
(12.5) 
112 
(17.7) 
131 
98 
(13.4) 
117 
(15.0) 
137 
87 
(16.6) 
115 
(15.2) 
134 
1996 147 152 138 154 132 137 147 139 145 
Hardness 
(mg/l) 
(8.9) (8.6) (15.7) (14.5) (5.4) (15.6) (13.7) (18.1) (16.1) 
1997 
1998 
120 155 151 171 166 170 175 
X 
X 
(24.0) 
X 
X 
X 
(15.5) (6.0) (9.9) (13.1) (9.3) (7.4) 
1996 185 (14.3) 
197 
(7.5) 
170 
(8.9) 
202 
(15.5) 
164 
(8.8) 
182 
(21.8) 
193 
(14.1) 
179 
(24.1) 
198 
(17.5) 
TDS 
(mg/l) 1997 X 
175 
(5.0) X 
209 
(16.0) 
207 
(7.5) 
230 
(10.3) 
232 
(21.1) 
238 
(21.0) 
230 
(22.3) 
1998 X X X 221 (15.6) 
240 
(10.7) 
259 
(24.9) 
259 
(20.0) 
252 
(17.6) 
260 
(13.8) 
FU = Fairport Fish Hatchery upper ponds, Iowa. 
("." indicates missing data; "x" indicates pond was not in production that year.) 
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Table 7. Fish productivity results of walleye from 'MA, "FL and ^FU hatchery ponds, Iowa, 
1996. 
Pond Number Species Yieia (% survival) 
iTcaucnon 
(kg/ha) Days in Culture NFY* NBI^ 
Pond 1 Walleye 70 72.9 46 1.57 50.50 
Pond 2 Walleye 59 60.2 44 1.35 34.88 
CA Pond 3 Walleye 52 52.6 46 1.13 26.83 
w 
o Pond 4 Walleye 86 49.6 34 1.44 41.68 
< Pond 5 Walleye 6 10.5 36 0.27 -0.22 
Pond 6 Saugeye 63 56.2 37 1.50 34.61 
Pond 7 Saugeye 59 56.8 37 1.51 32.63 
Pond 8 Walleye 56 43.4 36 1.18 23.39 
Pond 25 Saugeye 6 0 44 -0.03 -1.23 
Pond 26 Walleye 0 0 42 -0.03 -1.25 
-a Pond 27 Saugeye 1 0 34 -0.04 -1.31 
o CL. Pond 28 Walleye 2 0 42 -0.03 -1.24 
U 
r-r Pond 28c Walleye 1 0 42 -0.02 -0.89 
Pond 29 Saugeye 31 51.5 43 1.17 15.03 
Pond 30 Walleye 1 0 42 -0.03 -1.16 
Pond 35 Walleye 28 38.4 35 1.09 10.49 
Pond 37 Walleye 56 97.3 34 2.82 53.67 
CO 
•o Pond 39 Walleye 75 66.4 34 1.92 48.39 
o 
a. Pond 40 Walleye 20 28.6 34 0.80 4.30 
D 
u. Pond 41 Walleye 37 62.6 34 1.81 21.74 
Pond 42 Walleye 13 9.5 27 0.33 0.63 
Pond 43 Walleye 42 45.7 34 1.31 18.07 
'MA = Mt. Ayr Fish Hatchery ponds, Iowa. 
^FL = Fairport Fish Hatchery lower ponds, Iowa. 
^FU = Fairport Fish Hatchery upper ponds, Iowa. 
^Y = Net Fish Yield. 
^NBI = Net Biomass Increase. 
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Table 8. Fish productivity results of walleye from 'MA, "FL and •'FU hatchery ponds, Iowa, 
1997. 
Pond 
Number Species 
Yield 
(% survival) 
Production 
(kg/ha) 
Days in 
Culture NFY^ NBI^ 
Pond 1 Walleye 64 49.5 43 1.13 31.12 
Pond 2 Walleye 72 75.8 40 1.88 53.53 
'Ji Pond 3 Walleye 78 73.3 41 1.77 56.37 
r" 
o Pond 4 Walleye 72 45.0 46 0.96 31.84 
< Pond 5 Walleye 117 87.1 46 1.88 101.07 
Pond 6 Saugeye 63 67.0 42 1.58 41.48 
Pond 7 Saugeye 87 72.6 42 1.71 62.18 
Pond 8 Walleye 52 43.8 41 1.05 21.89 
Pond 25 Walleye 86 127.7 34 3.72 109.06 
Pond 26 Walleye 35 131.6 36 3.62 44.57 
ai 
"O Pond 27 Walleye 38 64.0 37 1.69 22.88 
O CL Pond 28 Saugeye 54 108.8 38 2.83 57.67 
K. Pond 28c Walleye 83 137.7 38 3.59 112.73 
Pond 29 Saugeye 17 31.3 38 0.79 4.19 
Pond 30 Walleye 66 123.2 36 3.39 80.01 
Pond 38 Saugeye 76 184.4 36 5.09 139.66 
Pond 39 Saugeye 38 67.1 36 1.83 24.43 
•o 
c 
o Pond 40 Walleye 38 90.7 35 2.54 32.12 
cu 
D 
u. 
Pond 41 Walleye 36 115.8 36 3.16 39.99 
Pond 42 Walleye 29 71.4 39 1.80 19.08 
Pond 43 Walleye 41 83.2 35 2.32 32.28 
'ma = Mt. Ayr Fish Hatchery ponds, Iowa. 
^FL = Fairport Fish Hatchery lower ponds, Iowa. 
^FU = Fairport Fish Hatchery upper ponds, Iowa. 
^Y = Net Fish Yield. 
^NBI = Net Biomass Increase. 
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Table 9. Fish productivity results of walleye from 'MA, "FL and ^FU hatchery ponds, Iowa, 
1998. 
Pond 
Number Species 
Yield 
(% survival) 
Production 
(kg/ha) 
Days in 
Culture NFY* NBI^ 
Pond 1 Walleye 49 75.5 38 1.97 36.39 
Pond 2 Walleye 87 99.4 36 2.74 85.95 
CO Pond 3 Walleye 51 50.5 36 1.38 25.19 
•0 
r* 
0 Pond 4 Walleye 57 57.1 40 1.41 31.73 
< 
2 
Pond 5 Walleye 50 52.5 43 1.20 25.48 
Pond 6 Walleye 61 85.5 36 2.35 51.36 
Pond? Saugeye 53 62.4 32 L93 32.56 
Pond 8 Saugeye 96 105.1 33 3.16 100.27 
Pond 25 Walleye 36 46.0 34 1.32 15.18 
Pond 26 Saugeye 2 23.3 42 0.53 -0.91 
00 
-o Pond 27 Walleye 4 20.4 35 0.55 -0.60 
s O 
e. Pond 28 Walleye 14 32.4 33 0.94 3.16 
u. Pond 28c Saugeye 14 21.1 37 0.54 1.85 
Pond 29 Walleye 6 30.2 32 0.91 0.64 
Pond 30 Walleye 1 8.9 35 0.22 -1.04 
Pond 38 Saugeye 28 42.6 27 1.53 10.74 
C/3 Pond 39 Walleye 31 76.3 32 2.34 22.57 
"C 
s 
o Pond 40 Walleye 39 57.9 27 2.10 21.21 
a. 
3 Pond 41 Walleye 59 95.7 28 3.37 55.30 fcXa 
Pond 42 Walleye 43 63.4 27 2.30 25.68 
Pond 43 Walleye 32 84.0 32 2.58 25.83 
MA = Mt. Ayr Fish Hatchery ponds, Iowa. 
"FL = Fairport Fish Hatchery lower ponds, Iowa. 
^FU = Fairport Fish Hatchery upper ponds, Iowa. 
^NFY= Net Fish Yield. 
^NBI = Net Biomass Increase. 
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of benthic organisms were almost entirely made up of Diptera, Annelida and Nematoda 
(Tables 10-18). Over the years, MA ponds had consistently high benthic densities; FU 
ponds had moderate benthic densities; FL ponds had relatively low benthic densities. 
Pooled Data 
When analyzing mean values for ponds using all 3 years of data, several significant 
(P<0.10) correlations were observed (Table 19). The ratio of nitrate to total phosphorus 
(NOsiTP) was negatively correlated with nematode numbers (-0.37) and Diptera numbers (-
0.21). This was not surprising, as we have found NOsiTP to be negatively correlated with 
ultimate fish productivity also. Also, both phosphorus and nitrate values individually were 
also negatively correlated with nematodes (-0.34 and -0.62, respectively) and annelids (-0.23 
and -0.26, respectively). Nitrate was also negatively correlated Diptera numbers (-0.36). 
Scatter plots of these relationships between nutrient levels and benthic numbers using the 
three-year combined data are presented (Figure 1). From the figure, it can be seen that there 
are no definite pattems between nutrient levels and benthic densities. 
Dipteran, nematode and annelid numbers were positively correlated with all fish 
productivity measures (Table 20). This was surprising because walleye fiy eat Diptera larvae 
but not nematodes or annelids. The nematode and annelid numbers are probably an indicator 
of overall pond productivity as many of these organisms feed on microorganisms in the 
organic substrates (Thorp and Covich 1991). By feeding on substrates, nematodes and 
annelids may be important in recycling nutrients or may just reflect the overall productivity 
of the ponds. Scatter plots of the relationships between fish productivity measures and 
benthic numbers using data firom all three years are presented (Figure 2). 
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Table 10. Total number of benthic organisms and percent of total for Diptera, Annelida and 
Nematoda throughout the walleye rearing season for 'MA ponds, Iowa, 1996. 
Percent of Total 
Total 
Pond Date (number/m") Diptera Annelida Nematoda 
5/27/96 444.4 10.0 80.0 10.0 
Pond 1 6/3/96 577.8 84.6 15.4 0.0 
6/10/96 1096.3 51.4 43.2 5.4 
5/27/96 711.1 37.5 56.3 6.3 
Pond 2 6/3/96 4340.7 81.6 10.6 7.8 
6/10/96 4459.3 84.4 9.0 6.0 
5/27/96 2325.9 10.2 66.9 22.9 
Pond 3 6/3/96 1970.4 38.3 42.1 19.5 
6/10/96 2548.1 77.3 19.8 2.9 
5/27/96 1185.2 36.3 61.3 2.5 
Pond 4 6/3/96 429.6 72.4 27.6 0.0 
6/10/96 651.9 59.1 31.8 4.5 
5/27/96 192.6 15.4 76.9 7.7 
Pond 5 6/3/96 14.8 100.0 0.0 0.0 
6/10/96 1214.8 87.8 2.4 9.8 
5/27/96 1288.9 14.9 78.2 6.9 
Pond 6 6/3/96 1451.9 18.4 72.4 6.1 
6/10/96 3140.7 21.2 69.3 6.1 
5/27/96 2963.0 7.5 89.5 3.0 
Pond? 6/3/96 963.0 27.7 69.2 3.1 
6/10/96 1466.7 13.1 69.7 4.0 
5/27/96 1155.6 6.4 73.1 14.1 
Pond 8 6/3/96 2933.3 9.1 84.8 5.1 
6/10/96 2133.3 6.3 86.1 6.9 
'ma = Mt. Ayr Fish Hatchery ponds, Iowa. 
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Table 11. Total number of benthic organisms and percent of total for Diptera, Annelida and 
Nematoda throughout the walleye rearing season for 'FL ponds, Iowa, 1996. 
Percent of Total 
Pond Date 
Total 
(number/m^) Diptera Annelida Nematoda 
Pond 25 
6/4/96 548.1 10.8 67.6 16.2 
6/11/96 577.8 15.4 41.0 0.0 
Pond 26 
6/4/96 59.3 0.0 100.0 0.0 
6/11/96 207.4 7.1 57.1 0.0 
Pond 27 
6/4/96 3022.2 2.0 95.1 1.5 
6/11/96 503.7 2.9 67.6 8.8 
Pond 28 
6/4/96 518.5 8.6 45.7 8.6 
6/11/96 800.0 0.0 35.2 0.0 
Pond 28c 
6/4/96 222.2 13.3 80.0 0.0 
6/11/96 311.1 0.0 47.6 0.0 
Pond 29 
6/4/96 237.0 0.0 100.0 0.0 
6/11/96 637.0 2.3 86.0 9.3 
Pond 30 
6/4/96 
6/11/96 
622.2 
725.9 
9.5 
4.1 
73.8 
81.6 
16.7 
14.3 
'FL = Fairport Fish Hatchery lower ponds, Iowa. 
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Table 12. Total number of benthic organisms and percent of total for Diptera, Annelida and 
Nematoda throughout the walleye rearing season for 'FU ponds, Iowa, 1996. 
Percent of Total 
Pond Date 
Total 
(number/m*) Diptera Aimelida Nematoda 
Pond 35 6/4/96 222.2 20.0 40.0 0.0 
Pond 36 
6/4/96 
6/11/96 
192.6 
459.3 
30.8 
19.4 
69.2 
48.4 
o
 
o
 
o
 
o
 
Pond 37 6/4/96 4207.4 95.8 4.2 0.0 
Pond 38 
6/4/96 651.9 86.4 11.4 0.0 
6/11/96 607.4 9.8 26.8 0.0 
Pond 39 6/4/96 148.1 40.0 40.0 10.0 
Pond 40 
6/4/96 
6/11/96 
251.9 
177.8 
5.9 
25.0 
64.7 
58.3 
23.5 
0.0 
Pond 41 
6/4/96 2622.2 93.8 4.0 0.6 
6/11/96 740.7 58.0 40.0 0.0 
Pond 42 
6/4/96 
6/11/96 
1659.3 
1318.5 
79.5 
9.0 
14.3 
66.3 
3.6 
14.6 
Pond 43 6/4/96 1451.9 60.2 20.4 8.2 
'FU = Fairport Fish Hatchery upper ponds, Iowa. 
Table 13. Total number of benthic organisms and percent of total for Diptera, Annelida and 
Nematoda throughout the walleye rearing season for 'MA ponds, Iowa, 1997. 
Percent of Total 
Total 
Pond Date (number/m") Diptera Annelida Nematoda 
5/16/97 207.4 7.1 21.4 71.4 
5/23/97 563.0 0.0 50.0 50.0 
Pond 1 5/30/97 11659.3 5.5 7.1 87.4 
6/6/97 3318.5 32.1 29.5 38.4 
6/13/97 1259.3 49.4 40.0 8.2 
5/16/97 1570.4 O.O 26.4 70.8 
5/23/97 4074.1 2.9 19.3 76.7 
Pond 2 5/30/97 5540.7 23.3 6.4 70.1 
6/6/97 17303.7 24.7 7.9 67.5 
6/13/97 1733.3 79.5 0.9 19.7 
5/16/97 14755.6 0.0 10.3 89.7 
5/23/97 3703.7 0.0 20.0 80.0 
Pond 3 5/30/97 14088.9 8.0 9.1 82.4 
6/6/97 8014.8 5.4 29.0 65.6 
6/13/97 1348.1 7.7 80.2 12.1 
5/16/97 3259.3 0.0 20.0 80.0 
5/23/97 992.6 0.0 52.2 47.8 
Pond 4 5/30/97 4103.7 6.9 8.3 84.8 
6/6/97 15792.6 8.1 22.4 69.5 
6/13/97 548.1 37.8 29.7 32.4 
5/23/97 3866.7 0.8 4.6 94.3 
5/30/97 1674.1 7.1 5.3 87.6 
rOnO D 6/6/97 3333.3 12.0 10.7 77.3 
6/13/97 10933.3 18.7 2.2 79.1 
5/16/97 4251.9 0.0 2.4 97.2 
5/23/97 3125.9 0.0 36.0 64.0 
Pond 6 5/30/97 3718.5 6.8 24.3 68.9 
6/6/97 296.3 O.O 100.0 0.0 
6/13/97 14281.5 23.1 21.1 55.7 
5/16/97 592.6 0.0 22.5 77.5 
5/23/97 266.7 O.O 88.9 11.1 
Pond? 5/30/97 3288.9 0.9 3.2 95.9 
6/6/97 4237.0 61.9 21.7 16.1 
6/13/97 237.0 6.3 81.3 12.5 
5/16/97 5200.0 0.6 23.6 75.5 
5/23/97 6711.1 2.2 61.8 35.8 
Pond 8 5/30/97 1940.7 7.6 6.9 84.0 
6/6/97 3851.9 19.2 13.8 66.2 
6/13/97 4340.7 57.0 20.5 22.2 
'ma = Mt. Ayr Fish Hatchery ponds, Iowa. 
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Table 14. Total number of benthic organisms and percent of total for Diptera, Annelida and 
Nematoda throughout the walleye rearing season for 'FL ponds, Iowa, 1997. 
Pprrent r>f Tnfal 
Pond Total 
Date (number/m~) Diptera Annelida Nematoda 
5/12/97 2207.4 12.8 44.3 43.0 
5/19/97 28400.0 10.9 1.3 87.8 
Pond 25 5/26/97 8800.0 0.0 51.2 48.8 
6/2/97 6637.0 35.3 5.4 57.8 
6/9/97 1881.5 00 4/7 9^ 
5/19/97 6370.4 26.0 22.6 50.9 
5/26/97 3881.5 8.0 20.6 66.0 
Pond-t) g/2/97 340.7 34.8 26.1 39.1 
6/9/97 325.9 4,5 n,6 77^ 
5/19/97 10296.3 16.3 48.2 35.4 
5/26/97 2163.0 15.1 16.4 68.5 
Pond-/ g/2/97 3763.0 15.7 54.7 29.1 
6/9/97 2859.3 44,6 30J 22^ 
5/19/97 23600.0 25.1 4.6 69.8 
5/26/97 2918.5 6.1 7.1 86.8 
Pond_8 g/2/97 4163.0 16.7 19.6 63.0 
6/9/97 800.0 37,0 27,8 3]J_ 
5/19/97 4533.3 2.9 31.7 64.1 
5/26/97 192.6 0.0 30.8 61.5 
i'ond-sc g/2/97 2325.9 30.6 29.3 40.1 
6/9/97 44,4 0,0 0,0 100.0 
5/12/97 1037.0 0.0 15.7 84.3 
5/19/97 3629.6 0.4 4.9 94.7 
Pond 29 5/26/97 14903.7 1.9 1.3 96.7 
6/2/97 11540.7 4.6 1.8 93.5 
6/9/97 1051.9 0,0 577 42,3 
5/12/97 1229.6 0.0 16.9 83.1 
5/19/97 5466.7 0.0 4.3 95.4 
Pond 30 5/26/97 1792.6 4.1 14.0 77.7 
6/2/97 2163.0 39.7 3.4 56.8 
6/9/97 1437.0 1.0 17.5 81.4 
FL = Fairport Fish Hatchery lower ponds, Iowa. 
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Table 15. Total number of benthic organisms and percent of total for Diptera, Annelida and 
Nematoda throughout the walleye rearing season for 'FU ponds, Iowa, 1997. 
Percent of Total 
Total 
Pond Date (number/m") Diptera Annelida Nematoda 
5/12/97 800.0 3.7 96.3 0.0 
Pond 38 
5/19/97 3629.6 4.1 91.4 4.5 
5/26/97 3140.7 35.4 49.5 14.2 
6/2/97 2325.9 80.3 17.2 1.9 
6/9/97 1170.4 32.9 53.2 13.9 
5/12/97 1007.4 14.7 48.5 36.8 
5/19/97 4829.6 23.0 40.8 35.9 
Pond 39 5/26/97 3481.5 0.0 88.1 11.9 
6/2/97 3570.4 34.0 18.7 44.8 
6/9/97 2088.9 2.8 49.6 47.5 
5/12/97 3037.0 0.5 34.1 65.4 
5/19/97 17140.7 2.1 27.1 70.8 
Pond 40 5/26/97 8859.3 4.5 20.6 74.2 
6/2/97 18918.5 3.6 25.8 69.1 
6/9/97 1837.0 0.0 12.9 86.3 
5/12/97 59.3 0.0 50.0 50.0 
5/19/97 7496.3 19.4 5.7 73.7 
Pond 41 5/26/97 5185.2 50.0 8.3 41.7 
6/2/97 20177.8 48.8 7.8 43.2 
6/9/97 6800.0 9.4 16.1 73.2 
5/19/97 5674.1 11.5 37.1 50.7 
Pond 42 
5/26/97 10577.8 31.0 11.3 57.7 
6/2/97 15792.6 17.4 2.5 79.4 
6/9/97 859.3 0.0 6.9 93.1 
Pond 43 
5/26/97 
6/2/97 
2933.3 
7318.5 
36.9 
39.9 
10.1 
1.8 
52.5 
57.5 
'FU = Fairport Fish Hatchery upper ponds, Iowa. 
Table 16. Total number of benthic organisms and percent of total for Diptera, Annelida and 
Nematoda throughout the walleye rearing season for 'MA ponds, Iowa, 1998. 
Percent of Total 
Pond Date Total (number/m") Diptera Annelida Nematoda 
Pond 1 
5/8/98 
5/15/98 
5/22/98 
5/29/98 
163.0 
503.7 
1185.2 
2577.8 
54.5 
14.7 
62.5 
11.5 
27.3 
67.6 
36.3 
37.9 
18.2 
17.6 
1.3 
49.4 
Pond 2 
5/8/98 
5/15/98 
5/22/98 
5/29/98 
2059.3 
2370.4 
3525.9 
16696.3 
2.9 
13.8 
51.3 
21.5 
59.0 
58.8 
29.4 
6.7 
38.1 
27.5 
19.3 
71.1 
Pond 3 
5/8/98 
5/15/98 
5/22/98 
5/29/98 
607.4 
1318.5 
2740.7 
7481.5 
2.4 
13.5 
79.5 
67.9 
34.1 
42.7 
15.1 
2.8 
63.4 
43.8 
4.9 
24.4 
Pond 4 
5/8/98 
5/15/98 
5/22/98 
5/29/98 
2088.9 
2237.0 
1970.4 
9540.7 
3.5 
13.9 
33.8 
69.1 
92.2 
82.8 
57.1 
28.6 
4.3 
3.3 
6.0 
2.2 
Pond 5 
5/8/98 
5/15/98 
5/22/98 
5/29/98 
725.9 
1659.3 
1259.3 
4607.4 
2.0 
14.3 
25.9 
34.1 
0.0 
45.5 
32.9 
16.4 
98.0 
40.2 
41.2 
49.5 
Pond 6 
5/8/98 
5/15/98 
5/22/98 
5/29/98 
1777.8 
1659.3 
1851.9 
6237.0 
5.8 
17.0 
12.0 
27.3 
12.5 
36.6 
26.4 
11.2 
79.2 
42.9 
54.4 
57.5 
Pond 7 
5/8/98 
5/15/98 
5/22/98 
5/29/98 
1585.2 
1392.6 
1437.0 
4311.1 
12.1 
31.9 
28.9 
13.7 
72.9 
60.6 
57.7 
47.1 
11.2 
2.1 
5.2 
37.8 
5/8/98 8607.4 4.6 73.3 18.6 
Pond 8 5/15/98 4518.5 28.2 36.1 33.4 
5/22/98 3111.1 55.2 29.5 9.0 
5/29/98 6607.4 14.3 59.4 23.8 
'ma = Mt. Ayr Fish Hatchery ponds, Iowa. 
Table 17. Total number of benthic organisms and percent of total for Diptera, Annelida and 
Nematoda throughout the walleye rearing season for 'FL ponds, Iowa, 1998. 
Percent of Total 
Pond Date Total Diptera Annelida Nematoda 
(number/m*) 
5/11/98 1688.9 67.5 29.8 2.6 
Pond 26 5/18/98 459.3 61.3 3.2 35.5 
5/25/98 251.9 5.9 82.4 11.8 
5/11/98 4163.0 69.8 28.1 1.8 
Pond 27 5/18/98 4103.7 58.8 23.8 16.6 
5/25/98 429.6 0.0 82.8 17.2 
Pond 28 
5/11/98 607.4 14.6 61.0 24.4 
5/18/98 340.7 43.5 43.5 13.0 
5/25/98 340.7 8.7 65.2 26.1 
5/11/98 296.3 10.0 90.0 0.0 
Pond 28c 5/18/98 311.1 4.8 33.3 61.9 
5/25/98 933.3 9.5 3.2 85.7 
Pond 29 
5/11/98 1155.6 5.1 87.2 7.7 
5/18/98 607.4 36.6 41.5 17.1 
5/25/98 696.3 68.1 21.3 2.1 
5/11/98 2444.4 37.6 62.4 0.0 
Pond 30 
5/18/98 385.2 7.7 69.2 23.1 
5/25/98 814.8 5.5 29.1 65.5 
'FL = Fairport Fish Hatchery lower ponds, Iowa. 
Table 18. Total number of benthic organisms and percent of total for Diptera, Annelida and 
Nematoda throughout the walleye rearing season for 'FU ponds, Iowa, 1998. 
Percent of Total 
Pond Date Total (number/m") Diptera Annelida Nematoda 
Pond 38 
5/11/98 
5/18/98 
1659.3 
2192.6 
0.0 
33.1 
87.5 
29.7 
2.7 
34.5 
5/25/98 977.8 9.1 62.1 13.6 
Pond 39 
5/11/98 
5/18/98 
488.9 
725.9 
0.0 
14.3 
100.0 
46.9 
0.0 
30.6 
5/25/98 370.4 16.0 80.0 4.0 
Pond 40 
5/11/98 
5/18/98 
1303.7 
1614.8 
0.0 
53.2 
77.3 
32.1 
20.5 
14.7 
5/25/98 2014.8 63.2 29.4 2.9 
Pond 41 
5/11/98 
5/18/98 
1511.1 
6888.9 
33.3 
89.2 
40.2 
8.6 
26.5 
1.7 
5/25/98 1348.1 42.9 41.8 11.0 
Pond 42 
5/11/98 
5/18/98 
1377.8 
1318.5 
5.4 
70.8 
53.8 
21.3 
40.9 
7.9 
5/25/98 1318.5 44.9 31.5 18.0 
Pond 43 
5/11/98 
5/18/98 
3437.0 
1214.8 
55.2 
6.1 
20.7 
87.8 
20.7 
6.1 
5/25/98 1274.1 1.2 61.6 37.2 
'FU = Fairport Fish Hatchery upper ponds, Iowa. 
Table 19. Spearman Rank Correlation coefficients (P-Values) for the relationships between 
benthic numbers/m' and nutrient concentrations over the walleye culture seasons for each 
year and all years combined for 'MA, "FL and ^FU ponds, Iowa, 1996-1998. 
Nutrient Year (n) Diptera Annelida Nematoda 
Nitrate 
1996 (22) 
1997(21) 
1998 (20) 
Overall (63) 
-0.33 (0.13) 
0.01 (0.97) 
-0.22 (0.34) 
-0.36 (0.00) 
0.32 (0.15) 
-0.22 (0.35) 
-0.10(0.67) 
-0.26 (0.04) 
0.30(0.16) 
0.23 (0.31) 
-0.43 (0.06) 
-0.62 (0.00) 
Phosphorus 
1996 (22) 
1997 (21) 
1998 (20) 
Overall (63) 
-0.04 (0.86) 
-0.25 (0.28) 
0.40 (0.08) 
-0.15(0.24) 
-0.36(0.10) 
-0.21 (0.35) 
0.50 (0.02) 
-0.23 (0.07) 
-0.32 (0.14) 
-0.13 (0.58) 
0.69 (0.00) 
-0.34 (0.01) 
1996 (22) -0.13(0.57) 0.49 (0.02) 0.41 (0.06) 
N03:TP 
1997 (21) 0.27 (0.24) -0.05 (0.81) 0.30(0.18) 
1998 (20) -0.29 (0.21) -0.28 (0.24) -0.53 (0.02) 
- i ; , . "  . A  
Overall (63) -0.21 (0.10) -0.08 (0.56) -0.37 (0.00) 
MA = Mt. Ayr Fish Hatchery ponds, Iowa. 
"FL = Fairport Fish Hatchery lower ponds, Iowa. 
^FU = Fairport Fish Hatchery upper ponds, Iowa. 
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Figure 1. Scatter plots of the relationships between mean nutrient levels and benthic 
population niimbers over three years during walleye culture at Mt. Ayr and Fairport 
Hatcheries, Iowa, 1996-1998. 
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Table 20. Spearman Rank Correlation coefficients (P-Values) for the relationships between 
benthic numbers/m" and fish productivity measures (n=63) over the walleye culture seasons 
for each year and all years combined for 'MA, "FL and ^FU ponds, Iowa, 1996-1998. 
Fish Productivity 
Measure Year (n) Diptera Annelida Nematoda 
Yield 
1996 (22) 
1997(21) 
1998(20) 
Overall (63) 
0.58 (O.OO) 
-0.12 (0.59) 
0.57 (O.Ol) 
0.40 (O.OO) 
0.20 (0.37) 
-0.18(0.43) 
0.47 (0.03) 
0.28 (0.03) 
0.20(0.37) 
-0.20(0.37) 
0.67 (0.00) 
0.42 (O.OO) 
Production 
1996 (22) 
1997 (21) 
1998 (20) 
Overall (63) 
0.62 (0.00) 
0.08 (0.73) 
0.38(0.10) 
0.50 (0.00) 
0.04 (0.86) 
-0.16(0.48) 
0.40 (0.08) 
0.27 (0.03) 
0.03 (0.88) 
-0.08 (0.72) 
0.50 (0.03) 
0.53 (O.OO) 
^Y 
1996 (22) 
1997(21) 
1998(20) 
Overall (63) 
0.60 (0.00) 
0.16(0.49) 
0.40 (0.08) 
0.47 (0.00) 
-0.01 (0.97) 
-0.09 (0.69) 
0.44 (0.05) 
0.27 (0.03) 
-0.05 (0.82) 
-0.07 (0.76) 
0.44 (0.05) 
0.47 (0.00) 
1996 (22) 0.63 (0.00) 0.09 (0.67) 0.09 (0.69) 
^NBI 
1997 (21) -0.04 (0.86) -0.26 (0.25) -0.19(0.40) 
1998 (20) 0.47 (0.03) 0.48 (0.03) 0.64 (0.00) 
Overall (63) 0.45 (0.00) 0.25 (0.04) 0.49 (0.00) 
"PL = Fairport Fish Hatchery lower ponds, Iowa. 
^FU = Fairport Fish Hatchery upper ponds, Iowa. 
•Wy = Net Fish Yield. 
^NBI = Net Biomass Increase. 
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Figure 2. Scatter plots of the relationships between mean number of benthic organisms and 
fish productivity measures throughout the walleye rearing seasons using three years of data 
from Mt. Ayr and Fairport Hatcheries, Iowa, 1996-1998. 
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Yearly Data 
Correlations between benthic populations and nutrient levels were also looked at 
within each year (Table 19). In 1996, the NOsrTP was positively correlated with nematodes 
(0.40) and annelids (0.49), in contrast with the overall data. 
In 1996 and 1998, Diptera densities were positively correlated with all fish 
productivity measures. However, in 1997, there were no significant correlations observed. 
This is probably because in 1997 Diptera numbers were very high at all hatcheries. This 
indicates that a critical density of dipterans was reached in 1997 so no correlations were 
present. In 1998, Diptera, annelid and nematode numbers were all positively correlated with 
phosphorus levels (0.40, 0.50, and 0.69, respectively). Nematode numbers were negatively 
correlated with the NOsrTP ratio (-0.53) and nitrate levels (-0.43). 
Hatchery Data 
When calculating correlations for each hatchery separately, no definite patterns 
emerged with the nutrient correlations except that nematodes tend to have a negative 
correlation with all nutrient measures (Table 21.) 
However, when analyzing correlations between benthic organisms and fish 
productivity, there is an interesting pattern (Table 22). MA ponds had a very large number of 
Diptera throughout its production ponds. There were no significant correlations with Diptera 
density and fish productivity measures from MA ponds. FU ponds, which have fewer 
Diptera than MA ponds, did show significant correlations with production, NFY and NBI. 
Finally, PL ponds, which have low Diptera populations and overall low productivity, show 
the strongest correlations with all fish productivity measures. 
120 
Table 21. Spearman Rank Correlation coefficients (P-Values) for the relationships between 
benthic numbers/m" and nutrient concentrations for individual hatcheries over three walleye 
culture seasons for 'MA, "FL and ^FU ponds, Iowa, 1996-1998. 
Nutrient Hatchery (n) Diptera Annelida Nematoda 
MA (24) -0.16(0.45) -0.04(0.86) -0.41(0.04) 
Nitrate FU(19) -0.15(0.54) -0.35(0.14) -0.34(0.14) 
FL (20) -0.74(0.00) -0.35(0.13) -0.85(0.00) 
MA (24) -0.12(0.58) -0.29(0.17) 0.32(0.13) 
Phosphorus FU(19) -0.00(0.98) -0.55(0.02) -0.67(0.00) 
FL (20) -0.69(0.00) -0.14(0.54) -0.57(0.01) 
MA (24) -0.12(0.58) 0.15(0.48) -0.72(0.00) 
NOsrTP FU(19) 0.02(0.92) 0.19(0.43) 0.31(0.19) 
FL (20) -0.14(0.54) -0.29(0.22) -0.50(0.02) 
"FL = Fairport Fish Hatchery lower ponds, Iowa. 
^FU = Fairport Fish Hatchery upper ponds, Iowa. 
Table 22. Spearrnan Rank Correlation coefficients (P-Values) for the relationships between 
benthic numbers/m" and fish productivity measiires for individual hatcheries over three 
walleye culture seasons for *MA, "FL and ^FU ponds, Iowa, 1996-1998. 
Nutrient Hatchery (n) Diptera Annelida Nematoda 
MA (24) 0.10(0.65) 0.04(0.85) 0.42(0.04) 
Yield FU(19) 0.35(0.14) -0.01(0.95) -0.04(0.86) 
FL (20) 0.49(0.03) 0.28(0.22) 0.77(0.00) 
MA (24) 0.29(0.17) 0.02(0.91) 0.39(0.06) 
Production FU(19) 0.48(0.04) 0.38(0.10) 0.39(0.10) 
FL (20) 0.56(0.01) 0.28(0.22) 0.73(0.00) 
MA (24) 0.12(0.56) 0.11(0.59) 0.28(0.17) 
NFY FU(19) 0.40(0.08) 0.33(0.17) 0.31(0.20) 
FL (20) 0.58(0.01) 0.28(0.22) 0.72(0.00) 
MA (24) 0.13(0.53) -0.07(0.75) 0.38(0.07) 
NBI 
FU (19) 0.41(0.08) 0.15(0.53) 0.20(0.42) 
u , .  . .  
FL (20) 0.51(0.02) 0.22(0.35) 0.76(0.00) 
'ma = Mt. Ayr Fish Hatchery ponds, Iowa. 
"FL = Fairport Fish Hatchery lower ponds, Iowa. 
^FU = Fairport Fish Hatchery upper ponds, Iowa. 
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This relationship is expected because in MA ponds there is a surplus of Diptera, so 
Diptera density is not correlated with fish productivity measures. However, in FU ponds, 
there is a fair number of Diptera, but not as many as in MA ponds. Since there is not a 
surplus of Diptera in the FU ponds, a correlation does exist between Diptera density and fish 
productivity measures. In the FL ponds, where there is low productivity and low numbers of 
Diptera, there are strong correlations with Diptera density and fish productivity measures; 
because Diptera are scarce in these ponds, additional numbers of Diptera can make a large 
difference in fish productivity. This is the same pattern that was observed when analyzing 
data within years. When very large numbers of Diptera were present in all ponds in 1997, 
there were not significant correlations present with Diptera density and fish productivity. 
Conclusions 
Populations of benthic organisms were quite variable from year to year and from 
pond to pond. Diptera numbers tended to be positively correlated with fish productivity 
measures. When Diptera densities were extremely high, e.g., MA ponds and all ponds in 
1997, there are not significant correlations between Diptera numbers and fish productivity 
measures. When Diptera densities are low, e.g., FL ponds, strong correlations exist between 
density of dipterans and fish productivity measures. This suggests that there is a critical 
density of dipterans where higher numbers will not contribute to fish productivity. 
Higher Diptera populations should be desirable in walleye production ponds to ensure 
adequate food supplies. However, reasons for differences in benthic population densities are 
not clear. We were imable to find clear patterns in nutrient levels and benthic population 
numbers. Nutrients may have an effect on Diptera populations, but the type and amount of 
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organic substrates in the ponds probably have more influence on benthic populations than 
nutrient levels alone. Further study is needed to determine how to increase Diptera 
populations in production ponds, especially when other food resources become limited. 
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CHAPTER 6. ZOOPLANKTON POPULATIONS AS PREDICTORS OF WALLEYE 
CULTURE SUCCESS 
A paper to be submitted to the Journal of the World Aquaculture Society 
Charles C. Mischke and Joseph E. Morris 
Abstract 
Walleye fry are stocked by the Iowa Department of Natural Resources (EDNR) 
persomiel and reared for approximately 5 weeks before being harvested and stocked into 
public waters. It has been established that zooplankton populations can be predicted from the 
predators present in wild populations. We wanted to see if these predictions could work in 
the opposite direction for zooplanktivorous fish production ponds, i.e., if prey populations 
could be used to predict the predators. The application of this for production ponds is to use 
zooplankton sizes and species as indicators of how the fish culture season is progressing. If 
zooplankton populations were of a composition that indicated low fish predation, fish yield 
must be low and the culturist could stop production or re-stock fish in the pond. If the 
zooplankton populations were composed of sizes and species that reflect intense fish 
predation, fish yield must be high and fertilization could be added to limit zooplankton 
competition. We looked at size and numbers of copepods and Daphnia spp. to determine if a 
model could be developed for predicting the success of fish production measures via 
zooplankton samples. Spearman Rank correlations revealed Daphnia spp. size as having a 
strong negative correlation with walleye productivity measures. When the IDNR walleye 
rearing ponds contained Daphnia spp. with mean sizes over 800 jim during the first 2 weeks 
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of production, there was significantly lower walleye production compared with ponds 
containing Daphnia spp. of mean sizes lower than 800 |am. There are obviously many 
factors that can affect ultimate walleye culuire success, many of which are independent of 
zooplankton populations. However, from the data presented in this paper, it appears that 
monitoring Daphnia spp. sizes in walleye production ponds can give an indication of culture 
success. 
Introduction 
In the cultiire of walleye (Stizostedion vitreum) it is common practice to stock larval 
fish in ponds at or just after hatching and rear the fish in these ponds for four to six weeks. 
Natural production of zooplankton in the ponds is relied on for the fish's food source and is 
therefore critical to the success of the culture season. 
At the onset of exogenous feeding, walleye will begin to consume copepods and 
small chironomid larvae. As the fish grow, they will begin to switch to larger zooplankton, 
such as the cladoceran Daphnia spp., and larger chironomid larvae. By the end of the culture 
season walleye larvae are feeding primarily on aquatic insects and will begin to exhibit 
cannibalism if not removed fi-om the ponds (Fox et al. 1989, Fox and Flowers 1990, 
Summerfelt et al. 1993). To increase the zooplankton forage base for the walleye, fertilizers 
are commonly added to the production ponds. Fertilizers are typically added on an ad hoc 
basis; combined knowledge of fertilization and predator-prey responses of walleye and 
zooplankton would lead to more efficient fertilization practices. 
Production ponds, such as walleye rearing ponds, are unique ecosystems in that they 
are mono-culttires of fish. These types of systems offer a unique opportunity to study 
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predator-prey interactions where there is only one predator. These systems probably behave 
more like a food chain than a food web. 
Zaret (1980) did extensive work with predator-prey interactions of fish and 
zooplankton. He stated that if you identify the dominant predator in a lake and the type and 
direction of its prey selection, you can predict what prey species should be present. When 
gape-limited predators (i.e. fish) dominate, prey will be characterized by vertical migration 
patterns, small body-sizes, small compound eyes, reduced visibility, and inconspicuous 
locomotion. In contrast, when size dependent predators (i.e. predatory insects) dominate, 
prey will be characterized by vertical migration, rapid initial growth, large adult body size, 
morphology to present captiu-e and handling problems, and deliberate escape movements. In 
examples of extreme cases, the following will occur: 
• If no gape limited predators are present then large copepods should 
dominate; or, 
• If intense fish predation is present then very small cladocerans should 
dominate. 
From Zaret's work, it may be possible to move in the opposite direction and look at 
zooplankton to predict fish predators. At least one study was conducted to explore this idea 
for gaining insight into predator-prey interactions in wild fish communities. Mills and 
Schiavone (1982) demonstrated that the size composition of zooplankton communities and 
growth and size structure of the fish commimities in small, warm water lakes are closely 
correlated. By studying the zooplankton populations and fish caught in gill nets, they found 
that information on size structiure of a zooplankton community can be used to determine if 
predation is successfiilly controlling planktivore density and growth. In general, if mean 
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body lengths of cnistacean zooplankton were greater than 1.0 mm, predation successfully 
controlled planktivore density. The presence of large zooplankton would indicate predators 
were maintaining prey balance, whereas, the dominance of small zooplankton strongly 
suggested the absence of sufficient predators to suppress planktivore density. 
We wanted to investigate this same type of predictor for zooplanktivorous fish 
production ponds. The application of this for production ponds is to use zooplankton sizes 
and species as indicators of how the fish culture is progressing. If zooplankton populations 
were of a composition that indicated low fish predation, fish yield must be low and the 
culturist could stop production or restock fish in the pond. If the zooplankton populations 
were composed of sizes and species that reflect intense fish predation, fish yield must be high 
and fertilization could be added to limit zooplankton competition. 
This type of monitoring of production ponds would take into account both top-down 
pressures from the fish predators and the bottom-up pressures of zooplankton competition. 
By understanding the pressures of both, corrective action can be taken. 
A better understanding of zooplankton population trends and how they ultimately 
affect fish productivity and how fish predation affects zooplankton populations is necessary 
for more efficient fertilization strategies. The objective of this study is to analyze 
zooplankton population number, body size changes and estimated biomass in relation to fish 
productivity and to use these relationships to develop pond 'Tjalance" guidelines. The goal of 
the study is to develop a method for predicting success of the culture season based on 
zooplankton samples. Fertilization practices could then be adjusted based on the 
zooplankton sample composition. 
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Methods 
Study Sites 
Several production ponds are currently operated by the Iowa Department of Natural 
Resources (EDNR). Such ponds are economically important because they supply the fish 
needed to stock public and private waters in the state. Two hatchery systems were sampled 
in this study. 
The first hatchery, Mt. Ayr, is located in south central Iowa, Ringold County. Its 
eight earthen ponds (MA ponds) are filled with water from the Loch Ayr Reservoir. Ponds 
are initially fertilized with alfalfa meal at a rate of 168 kg/ha and three days later at a rate of 
112 kg/ha. Ponds are subsequently fertilized approximately every four days at a rate of 56 
kg/ha. Total fertilization rates are approximately 560-670 kg/ha for each pond. 
The second hatchery, Fairport Hatchery, is a culture station located on the Mississippi 
River in Muscatine County. The Mississippi River supplies the water for the facility that 
consists of 19 earthen ponds; approximately 12 of these ponds are used each year for walleye 
and saugeye production. Currently, no fertilizers are added to production ponds. At Fairport, 
approximately half of the ponds, the lower ponds (PL ponds) are right next to the river and 
the other half of the ponds, the upper ponds (FU ponds) are several meters away fi"om the 
river on higher ground (upper ponds). The FL ponds generally have much poorer production 
results than the FU ponds due to clam shrimp Caenestheriella spp. and zebra mussel 
Dreissena polymorpha infestations. Clam shrimp are a nuisance in production ponds because 
they clog screens during draining and reduce fish production. Dexter and McCarraher (1967) 
reported clam shrimp to reduce fish production by 60 to 80% in goldfish (Carassius auratus) 
production ponds. Clam shrimp have also been reported to reduce production of both 
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fingerling walleye and northern pike when present in large numbers (Luzier and Sumnierfelt 
1993). Because of the large differences among FU and FL ponds, the two groups of ponds 
are treated as separate systems. 
At both sites, 1- to 3-d old walleye are stocked into the ponds as they are filling and 
then reared in the ponds for 25-50 d, depending on walleye growth and stocking needs. The 
above management practices have yielded variable production and survival data. 
Productivity of the ponds varies from year to year, from hatchery to hatchery, and from pond 
to pond. 
This study relates to data collected over three culture seasons (1996-1998). We 
concentrated on zooplankton dynamics in walleye production ponds, but results should be 
applicable to the production of other zooplanktivorous species as well. 
Zooplanktoii 
Zooplankton samples were collected twice per week using oblique 2-m tows with an 
80-|im mesh Wisconsin-style net (Wildlife Supply Company, Saginaw, MI) from three 
locations per pond. Each tow filtered a total of 22.6 1; the total volume of water filtered per 
pond being 67.8 1 (3 tows). Composite zooplankton samples were preserved using a chilled 
4% formalin/sucrose solution buffered with sodium tetraborate. Numbers of each group of 
zooplankton were estimated by counting numbers in three 1-ml sub-samples from each 
sample. Length measurements of zooplankton from important forage groups for walleye fry 
(i.e. Calanoida, Cyclopoida, and Daphnia spp.) were also taken. Copepod lengths were 
based on the length of the metasome plus the urosome (Pennak 1989), which is the length 
from the tip of the head to the segment just before the tail splits. For cladocerans, total 
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carapace was measured, excluding posterior spines and "helmet" formations. 
Biomass of copepods and cladocerans was estimated from lengths using equations 
developed by Dumont et al. (1975). Daphnia spp. biomass was estimated using the equation 
w=1.5*10'® Cyclopoidaby w=l.l*10"^ Calanoida by w=7.9*10"^ 
Predictions 
Using Zaret's (1980) predictions of prey that should be present given the dominant 
predator, we constructed predictions of fish yield given prey presence. We wanted to 
determine if the predator's success could be predicted by sampling the prey. In walleye 
production ponds, there is only one fish predator. Also, in fish production ponds, the sheer 
number of fish should exaggerate predator pressure effects of zooplankton. Walleye fry are 
initially gape-limited predators and, large numbers of fry should cause prey populations to be 
characterized by small body sizes. If zooplankton samples are made up of mostly small 
cladocerans, this is an indication of intense predatory pressure, and walleye yield is probably 
very good. However, if large copepods and large cladocerans are present in very high 
numbers in the zooplankton samples, this is an indication of low fish predation pressure and 
yield is probably not successful. 
Fish Productivity 
Several measiu-es of ultimate fish productivity were included in our analysis. Yield 
and production were included because these are the most common measures used to report 
fish productivity. Normalized biomass increase (NBI) was also used to accoimt for inherent 
difficulties of using survival and biomass data from ponds with unequal survival (Conklin et 
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al. 1975). NBI uses the equation: 
NBI = ((Wf*Nf) - (Wj*Ni))/N,, 
Where Wf = final fish weight, Wj = initial fish weight, Nf = final number of fish, and Nj = 
initial number of fish. 
Net fish yield (NFY) was also calculated. Net fish yield (NFY) is a rate of 
productivity measure that was calculated to give an indication of how quickly fish biomass is 
being produced (Knud-Hansen 1998). NFY is calculated by the equation: 
NFY = (Standing Crop at T| - Standing Crop at To)/(Ti-To). 
Data Analysis 
We examined the zooplankton populations present in IDNR walleye production 
ponds throughout the production seasons and then looked at fish productivity measures. 
Spearman Rank correlations (P<0.10) were conducted to determine if any parameters 
(zooplankton numbers, sizes, and biomass) were correlated to fish productivity measures 
(yield, production, NFY, NBI). Two zooplankton samples were collected each week during 
all culture seasons. A weekly mean for the zooplankton parameters was then calculated. 
Correlations were determined for fish productivity and mean zooplankton measurements for 
week 1, the mean over week 1 and 2, and the mean over weeks 1-3. This was done using 
data for all three years and was split by hatchery and year. All statistical analysis was done 
using Sigma Stat® (SPSS, Chicago, IL, formerly Jandel Scientific Corporation, San Rafael, 
CA). 
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Results 
Detailed results of MA, FU and FL pond productivity measures for 1996, 1997 and 
1998 are presented in Chapter 5. The results are typical for these hatcheries, in both values 
and variability. FL ponds typically have lower productivity due to clam shrimp and zebra 
mussel infestations. Overall, 1996 was a poor year, and 1997 and 1998 were fairly good 
years for walleye production. 
Speaiman Rank correlations were calculated using all three years of data between 
zooplankton measurements and fish yield and production (Table 1) and zooplankton 
measurements with NFY and NBI (Table 2). There were a few significant correlations that 
occurred, but there was a definite pattern with Daphnia spp. size. Daphnia spp. size had a 
negative conelation with production, NFY and NBI, and the correlation was strongest when 
using the mean Daphnia spp. size over the first 2-weeks of fish production. 
Correlations were also determined for each of the 3 years. In 1996, there were very 
few correlations of zooplankton with yield and production (Table 3) or zooplankton with 
NFY and NBI (Table 4). In 1997, there were strong negative correlations with Daphnia spp. 
size and fish production (Table 5) and Daphnia spp. size with NFY (Table 6). In 1998, 
Daphnia spp. size was negatively correlated with yield and production (Table 7) and NFY 
and NBI (Table 8). 
When calculating correlations for each hatchery over the 3 years, MA ponds showed 
the same pattern as the overall data; Daphnia spp. size was negatively correlated with 
production (Table 9), NBI and NFY (Table 10). FTJ ponds showed the same general pattern; 
Daphnia spp. size had strong negative correlations with production (Table 11), NFY and NBI 
(Table 12). FL ponds did not show this pattern; Calanoida biomass was negatively correlated 
Table 1. Spearman Rank Correlations (P-Value), using three years of data (n=63), between 
zooplankton measurements and fish yield (% survival) and production (kg/ha) during the 
walleye culture seasons in 'MA, ^FL and ^FU ponds, Iowa, 1996-1998. 
Yield 
Zooplankton Measurement Week 1 Week 1 & 2 Week 1 - 3 
Daphnia spp./l -0.22(0.10) -0.15(0.24) -0.16(0.21) 
Daphnia spp. Size (|im) -0.13(0.38) -0.16(0.21) -0.16(0.22) 
Daphnia spp. Biomass (|ig/l) -0.23(0.09) -0.16(0.21) -0.19(0.14) 
Calanoid/1 0.01(0.96) -0.13(0.30) -0.19(0.13) 
Calanoid Size (fom) -0.05(0.74) 0.11(0.44) 0.07(0.59) 
Calanoid Biomass ()ig/l) -0.09(0.50) -0.15(0.24) -0.21(0.10) 
Cyclopoid/1 -0.07(0.61) 0.12(0.34) 0.01(0.96) 
Cyclopoid Size (|im) 0.03(0.83) -0.09(0.47) -0.09(0.49) 
Cyclopoid Biomass (jag/l) -0.06(0.64) 0.11(0.39) 0.01(0.93) 
Production 
Daphnia spp./l 0.03(0.83) 0.12(0.36) 0.06(0.61) 
Daphnia spp. Size (|im) -0.32(0.02) -0.37(0.00) -0.31(0.01) 
Daphnia spp. Biomass (|ig/l) -0.00(0.99) 0.07(0.57) -0.01(0.96) 
Calanoid/1 0.24(0.08) 0.08(0.55) 0.03(0.81) 
Calanoid Size (|jjn) 0.05(0.76) 0.06(0.66) 0.01(0.92) 
Calanoid Biomass (^g/1) 0.07(0.62) 0.02(0.84) -0.01(0.95) 
Cyclopoid/1 -0.00(0.99) 0.17(0.18) 0.12(0.33) 
Cyclopoid Size (|im) -0.16(0.23) -0.15(0.24) -0.14(0.27) 
Cyclopoid Biomass (jig/l) -0.05(0.73) 0.15(0.24) 0.10(0.44) 
'ma = Mt. Ayr Fish Hatchery ponds, Iowa. 
"FL = Fairport Fish Hatchery lower ponds, Iowa. 
^FU = Fairport Fish Hatchery upper ponds, Iowa. 
Table 2. Spearman Rank Correlations (P-Value), using three years of data (n=63), between 
zooplankton measurements and net fish yield (NFY) and net biomass increase (NBI) during 
the walleye culture seasons in 'MA, "FL and "FU ponds, Iowa, 1996-1998. 
NFY 
Zooplankton Measurement Week 1 Week 1 & 2 Week 1 - 3 
Daphnia spp./l 0.08(0.53) 0.18(0.15) 0.11(0.39) 
Dapknia spp. Size (nm) -0.38(0.01) -0.40(0.00) -0.35(0.00) 
Daphnia spp. Biomass (ng/1) 0.03(0.84) 0.13(0.30) 0.03(0.80) 
Calanoid/1 0.24(0.08) 0.09(0.47) 0.04(0.74) 
Calanoid Size (nm) 0.05(0.78) 0.06(0.68) -0.00(0.99) 
Calanoid Biomass (ng/l) 0.07(0.60) 0.05(0.69) 0.02(0.87) 
Cyclopoid/1 -0.01(0.92) 0.14(0.28) 0.11(0.38) 
Cyclopoid Size (nm) -0.16(0.23) -0.17(0.18) -0.19(0.14) 
Cyclopoid Biomass (^lg/l) -0.06(0.67) 0.12(0.36) 0.08(0.54) 
NBI 
Daphnia spp./l -0.15(0.27) -0.07(0.62) -0.08(0.53) 
Daphnia spp. Size (iim) -0.20(0.16) -0.26(0.04) -0.24(0.06) 
Daphnia spp. Biomass (ng/1) -0.16(0.25) -0.09(0.49) -0.14(0.26) 
Calanoid/1 0.11(0.40) -0.07(0.58) -0.12(0.37) 
Calanoid Size (nm) 0.00(0.97) -0.07(0.60) 0.02(0.86) 
Calanoid Biomass (ng/1) -0.04(0.79) -0.10(0.44) -0.14(0.26) 
Cyclopoid/1 -0.06(0.63) 0.15(0.24) 0.08(0.53) 
Cyclopoid Size (nm) -0.05(0.72) -0.14(0.37) -0.09(0.46) 
Cyclopoid Biomass (ng/1) -0.08(0.54) 0.13(0.30) 0.07(0.58) 
'ma = Mt. Ayr Fish Hatchery ponds, Iowa. 
"FL = Fairport Fish Hatchery lower ponds, Iowa. 
^FU = Fairport Fish Hatchery upper ponds, Iowa. 
Table 3. Spearman Rank Correlations (P-Value) among zooplankton measurements and fish 
yield (% survival) and production (kg/ha) during the 1996 walleye culture season (n=22) in 
'ma, "FL and ^FU ponds, Iowa. 
Yield 
Zooplankton Measurement Week 1 Week 1 & 2 Week 1 - 3 
Daphnia spp./l -0.34(0.18) -0.23(0.29) -0.33(0.13) 
Daphnia spp. Size (nm) 0.17(0.53) 0.16(0.47) -0.04(0.85) 
Daphnia spp. Biomass (ng/l) -0.17(0.50) -0.20(0.37) -0.32(0.14) 
Calanoid/1 -0.11(0.66) -0.29(0.19) -0.36(0.10) 
Calanoid Size (^m) 0.09(0.74) 0.12(0.60) 0.16(0.48) 
Calanoid Biomass (ng/l) -0.19(0.46) -0.25(0.25) -0.26(024) 
Cyclopoid/1 -0.12(0.65) 0.09(0.68) -0.09(0.17) 
Cyclopoid Size (fun) 0.23(0.36) -0.16(0.46) -0.30(0.17) 
Cyclopoid Biomass (pg/l) -0.03(0.91) 0.06(0.78) -0.09(0.68) 
Production 
Daphnia spp./l -0.34(0.17) -0.21(0.34) -0.28(0.20) 
Daphnia spp. Size (nm) 0.22(0.42) 0.20(0.38) -0.01(0.94) 
Daphnia spp. Biomass (ng/1) -0.16(0.53) -0.22(0.32) -0.28(0.20) 
Calanoid/1 0.01(0.97) -0.23(0.30) -0.24(0.28) 
Calanoid Size (mn) 0.03(0.90) 0.05(0.83) 0.17(0.83) 
Calanoid Biomass (ng/1) -0.12(0.63) -0.20(0.37) -0.20(0.36) 
Cyclopoid/1 -0.13(0.60) -0.08(0.72) -0.25(0.26) 
Cyclopoid Size (nm) 0.06(079) -0.13(0.55) -0.19(0.39) 
Cycl^oid Biomass ((ig/l) -0.10(0.70) -0.11(0.63) -0.25(0.26) 
'ma = Mt. Ayr Fish Hatchery ponds, Iowa. 
^FL = Fairport Fish Hatchery lower ponds, Iowa. 
^FU = Fairport Fish Hatchery upper ponds, Iowa. 
Table 4. Spearman Rank Correlations (P-Value) between zooplankton measurements and 
fish net fish yield (NFY) and net biomass increase (NBI) during the 1996 walleye culture 
season (n=22) in 'MA, "FL and ^FU ponds, Iowa. 
NFY 
Zooplankton Measurement Week 1 Week 1 & 2 Week 1-3 
Daphnia spp./l -0.45(0.06) -0.24(0.28) -0.35(0.11) 
Daphnia spp. Size (^m) 0.26(0.34) 0.25(0.27) 0.03(0.89) 
Daphnia spp. Biomass (ng/1) -0.26(0.31) -0.24(0.28) -0.33(0.14) 
Calanoid/1 -0.04(0.88) -0.32(0.14) -0.35(0.10) 
Calanoid Size (nm) 0.03(0.90) 0.07(0.78) 0.14(0.55) 
Calanoid Biomass (ng/1) -0.17(0.51) -0.23(0.29) -0.25(0.25) 
Cyclopoid/1 -0.13(0.62) -0.06(0.77) -0.26(0.24) 
Cyclopoid Size (fim) 0.22(0.40) -0.07(0.77) -0.15(0.51) 
Cyclopoid Biomass (ng/1) -0.06(0.80) -0.08(0.73) -0.24(0.28) 
NBI 
Daphnia spp./l -0.46(0.06) -0.31(0.16) -0.38(0.08) 
Daphnia spp. Size (fim) 0.24(0.37) 0.20(0.37) -0.03(0.89) 
Daphnia spp. Biomass (ng/l) -0.31(0.22) -0.29(0.19) -0.40(0.06) 
Calanoid/1 -0.13(0.61) -0.28(0.20) -0.30(0.17) 
Calanoid Size (nm) 0.05(0.86) 0.10(0.66) -0.14(0.55) 
Calanoid Biomass (ng/l) -0.25(0.33) -0.26(0.24) -0.22(0.32) 
Cyclopoid/1 -0.11(0.67) 0.04(0.86) -0.20(0.37) 
Cyclopoid Size (|im) 0.20(0.44) -0.09(0.67) -0.21(0.33) 
Cyclopoid Biomass (|ig/l) -0.03c0.89) 0.02(0.93) -0.19(0.39) 
MA = Mt. Ayr Fish Hatchery ponds, Iowa. 
^FL = Fairport Fish Hatchery lower ponds, Iowa. 
^FU = Fairport Fish Hatchery upper ponds, Iowa. 
Table 5. Speannan Rank Correlations (P-Value) between zooplankton measurements and 
fish yield (% survival) and production (kg/ha) during the 1997 walleye culture season (n=21) 
in 'ma, "FL and ^FU ponds, Iowa. 
Yield 
Zooplankton Measurement Week 1 Week 1 & 2 Week 1 - 3 
Daphnia spp./l -0.20(0.41) -0.33(0.14) -0.39(0.08) 
Daphnia spp. Size (nm) -0.21(0.41) -0.20(0.39) -0.05(0.83) 
Daphnia spp. Biomass (iig/l) -0.14(0.56) -0.35(0.12) -0.29(0.20) 
Calanoici/l -0.20(0.40) -0.26(0.25) -0.34(0.13) 
Calanoid Size (nm) -0.55(0.03) 0.00(0.98) 0.02(0.92) 
Calanoid Biomass (ng/1) -0.19(0.44) -0.14(0.55) -0.29(0.19) 
Cyclopoid/1 0.08(0.74) 0.16(0.50) 0.02(0.92) 
Cyclopoid Size (jam) 0.17(0.47) 0.03(0.90) 0.16(0.48) 
Cyclopoid Biomass (ng/1) 0.04(0.86) 0.07(0.75) 0.06(0.78) 
Production 
Daphnia spp./l 0.15(0.55) 0.13(0.56) -0.00(0.98) 
Daphnia spp. Size (nm) -0.48(0.05) -0.54(0.01) -0.44(0.04) 
Daphnia spp. Biomass (^g/1) 0.13(0.60) 0.06(0.81) -0.13(0.58) 
Calanoid/l 0.25(0.30) 0.03(0.90) -0.01(0.97) 
Calanoid Size (nm) -0.28(0.30) -0.21(0.44) -0.40(0.08) 
Calanoid Biomass ((ig/1) 0.01(0.97) -0.02(0.92) -0.08(0.73) 
Cyclopoid/1 -0.22(0.37) 0.00(0.99) -0.09(0.70) 
Cyclopoid Size (^lIn) -0.28(0.24) -0.26(0.25) -0.23(0.32) 
Cyclopoid Biomass (ng/1) -0.31(0.20) -0.08(0.74) -0.11(0.62) 
'ma = Mt. Ayr Fish Hatchery ponds, Iowa. 
"FL = Fairport Fish Hatchery lower ponds, Iowa. 
^FU = Fairport Fish Hatchery upper ponds, Iowa. 
Table 6. Spearman Rank Correlations (P-Value) between zooplankton measurements and net 
fish yield (NFY) and net biomass increase (NBI) during the 1997 walleye culture season 
(n=2I) in 'MA, ^FL and ^FU ponds, Iowa. 
NFY 
Zooplankton Measurement Week 1 Week 1 & 2 Week 1 - 3 
Daphnia spp./l 0.22(0.36) 0.19(0.40) 0.05(0.83) 
Daphnia spp. Size (nm) -0.45(0.07) -0.52(0.02) -0.45(0.04) 
Daphnia spp. Biomass (|ig/l) 0.16(0.50) 0.11(0.64) -0.10(0.65) 
Calanoid/1 0.28(0.23) 0.12(0.60) 0.07(0.76) 
Calanoid Size (nm) -0.18(0.51) -0.23(0.40) -0.42(0.06) 
Calanoid Biomass (jig/l) 0.05(0.83) 0.01(0.95) -0.02(0.94) 
Cyclopoid/1 -0.24(0.32) -0.06(0.79) -0.14(0.54) 
Cyclopoid Size (nm) -0.33(0.16) -0.31(0.17) -0.30(0.18) 
Cyclopoid Biomass (|ig/l) -0.32(0.17) -0.13(0.57) -0.17(0.47) 
Daphnia spp./l -0.02(0.94) 
NBI 
-0.07(0.75) -0.21(0.35) 
Daphnia spp. Size (jiin) -0.39(0.12) -0.38(0.09) -0.24(0.29) 
Daphnia spp. Biomass (ng/1) 0.02(0.95) -0.12(0.58) -0.22(0.32) 
Calanoid/1 0.07(0.76) -0.14(0.55) -0.20(0.37) 
Calanoid Size (^m) -0.42(0.12) -0.08(0.78) -0.32(0.17) 
Calanoid Biomass (jig/l) -0.10(0.67) -0.10(0.64) -0.24(0.30) 
Cyclopoid/1 -0.07(0.78) 0.14(0.53) 0.02(0.94) 
Cyclopoid Size (iim) -0.05(0.84) -0.12(0.59) -0.02(0.92) 
Cyclopoid Biomass (ng/1) -0.16(0.51) 0.05(0.84) 0.01(0.95) 
'ma = Mt. Ayr Fish Hatchery ponds, Iowa. 
'FL = Fairport Fish Hatchery lower ponds, Iowa. 
^FU = Fairport Fish Hatchery upper ponds, Iowa. 
Table 7. Spearman Rank Correlations (P-Value) between zooplankton measurements and 
fish yield (% survival) and production (kg/ha) during the 1998 walleye culture season (n=20) 
in 'ma, *FL and ^FU ponds, Iowa. 
Yield 
Zooplankton Measurement Week 1 Week 1 & 2 Week 1 - 3 
Daphnia spp./l -0.08(0.74) 0.08(0.72) 0.13(0.58) 
Daphnia spp. Size (nm) -0.31(0.24) -0.54(0.02) -0.59(0.00) 
Daphnia spp. Biomass (ng/1) -0.29(0.20) 0.03(0.91) 0.02(0.92) 
Calanoid/1 0.29(0.21) -0.08(0.71) -0.12(0.60) 
Calanoid Size (nm) -0.48(0.12) -0.22(0.42) -0.21(0.38) 
Calanoid Biomass (|ig/l) 0.09(0.70) -0.17(0.46) -0.20(0.39) 
CycIopoid/1 -0.43(0.06) -0.08(0.72) -0.12(0.61) 
Cyclopoid Size (nm) -0.32(0.17) -0.29(0.21) -0.28(0.22) 
Cyclopoid Biomass (ng/1) -0.40(0.08) -0.10(0.68) -0.16(0.48) 
Production 
Daphnia spp./l 0.15(0.53) 0.30(0.19) 0.34(0.14) 
Daphnia spp. Size (lom) -0.42(0.11) -0.51(0.03) -0.55(0.01) 
Daphnia spp. Biomass (ng/1) -0.07(0.78) 0.25(0.29) 0.25(0.28) 
Calanoid/1 0.29(0.22) -0.00(0.99) -0.05(0.81) 
Calanoid Size (nm) -0.57(0.06) 0.12(0.66) 0.16(0.51) 
Calanoid Biomass (ng/1) 0.16(0.49) -0.08(0.71) -0.09(0.71) 
Cyclopoid/1 -0.12(0.59) -0.02(0.94) 0.02(0.94) 
Cyclopoid Size (nm) -0.27(0.26) -0.23(0.32) -0.34(0.14) 
Cyclopoid Biomass (ng/1) -0.11(0.64) -0.01(0.95) -0.06(0.81) 
'ma = Mt. Ayr Fish Hatchery ponds, Iowa. 
*FL = Fairport Fish Hatchery lower ponds, Iowa. 
^FU = Fairport Fish Hatchery upper ponds, Iowa. 
Table 8. Spearman Rank Correlations (P-Value) between zooplankton measurements and net 
fish yield (NFY) and net biomass increase (NBI) during the 1998 walleye culttire season 
(n=20) in 'MA, "FL and ^FU ponds, Iowa. 
NFY 
Zooplankton Measurement Week 1 Week 1 & 2 Week 1-3 
Daphnia spp./l 0.23(0.33) 0.34(0.14) 0.38(0.09) 
Daphnia spp. Size (^m) -0.49(0.05) -0.53(0.02) -0.57(0.01) 
Daphnia spp. Biomass (^g/1) -0.01(0.97) 0.27(0.24) 0.30(0.20) 
Calanoid/1 0.29(0.22) -0.00(0.99) -0.04(0.86) 
Calanoid Size (^m) -0.51(0.10) 0.16(0.55) 0.20(0.42) 
Calanoid Biomass (|ag/l) 0.18(0.44) -0.07(0.75) -0.08(0.75) 
Cyclopoid/1 -0.14(0.56) -0.08(0.75) -0.02(0.94) 
Cyclopoid Size (nm) -0.31(0.20) -0.24(0.30) -0.38(0.09) 
Cyclopoid Biomass (|ig/l) -0.12(0.61) -0.06(0.79) -0.09(0.70) 
NBI 
Daphnia spp ./I -0.00(0.98) 0.15(0.52) 0.21(0.36) 
Daphnia spp. Size (^m) -0.26(0.33) -0.43(0.07) -0.49(0.03) 
Daphnia spp. Biomass (|ig/l) -0.20(0.38) 0.10(0.65) 0.12(0.62) 
Calanoid/1 0.32(0.17) -0.07(0.76) -0.12(0.62) 
Calanoid Size (|im) -0.33(0.31) -0.06(0.82) -0.03(0.89) 
Calanoid Biomass (|ag/l) 0.17(0.48) -0.15(0.52) -0.17(0.47) 
Cyclopoid/1 -0.30(0.20) -0.07(0.77) -0.05(0.82) 
Cyclopoid Size (|im) -0.27(0.25) -0.23(0.32) -0.23(0.32) 
Cyclopoid Biomass (|ig/l) -0.27(0.25) -0.07(0.78) -0.10(0.65) 
'ma = Mt. Ayr Fish Hatchery ponds, Iowa. 
"FL = Fairport Fish Hatchery lower ponds, Iowa. 
^FU = Fairport Fish Hatchery upper ponds, Iowa. 
Table 9. Spearman Rank Correlations (P-Value) between zooplankton measurements and 
fish yield (% survival) and production (kg/ha) during the 1996-1998 walleye culture seasons 
in 'ma ponds (n=24), Iowa. 
Yield 
Zooplankton Measurement Week 1 Week 1 & 2 Week 1 - 3 
Daphnia spp./l -0.31(0.17) -0.21(0.32) -0.16(0.46) 
Daphnia spp. Size ()im) 0.10(0.69) -0.08(0.73) -0.27(0.21) 
Daphnia spp. Biomass (|ig/l) -0.30(0.18) -0.18(0.38) -0.31(0.13) 
Calanoid/1 -0.19(0.39) -0.08(0.69) -0.07(0.75) 
Calanoid Size (nm) 0.14(0.51) 0.20(0.36) 0.09(0.67) 
Calanoid Biomass (^g/1) -0.11(0.64) 0.16(0.45) 0.07(0.74) 
Cyclopoid/1 0.22(0.34) 0.14(0.50) 0.02(0.91) 
Cyclopoid Size (^m) 0.19(0.40) -0.06(0.79) -0.05(0.82) 
Cyclopoid Biomass (^g/1) 0.22(0.32) 0.14(0.50) 0.04(0.86) 
Production 
Daphnia spp./l 0.13(0.56) 0.19(0.36) 0.18(0.41) 
Daphnia spp. Size ((im) -0.24(0.35) -0.38(0.08) -0.50(0.01) 
Daphnia spp. Biomass (ng/1) 0.08(0.71) 0.06(0.76) -0.16(0.44) 
Calanoid/1 0.40(0.07) 0.21(0.31) 0.19(0.37) 
Calanoid Size (nm) -0.18(0.40) -0.17(0.41) -0.20(0.34) 
Calanoid Biomass (^g/1) 0.28(0.21) 0.53(0.01) 0.42(0.04) 
Cyclopoid/1 0.08(0.73) 0.19(0.36) 0.12(0.57) 
Cyclopoid Size (nm) -0.30(0.18) -0.38(0.06) -0.27(0.20) 
Cyclopoid Biomass (ng/1) 0.03(0.91) 0.14(0.49) 0.11(0.61) 
MA = Mt. Ayr Fish Hatchery ponds, Iowa. 
Table 10. Spearman Rank Correlations (P-Value) between zooplankton measurements and 
net fish yield (NFY) and net biomass increase (NBI) during the 1996-1998 walleye culture 
seasons in 'MA ponds (n=24), Iowa. 
NFY 
Zooplankton Measurement Week 1 Week 1 & 2 Week 1 - 3 
Daphnia spp./l 0.12(0.59) 0.15(0.47) 0.16(0.44) 
Daphnia spp. Size (nm) -0.22(0.38) -0.38(0.08) -0.52(0.01) 
Daphnia spp. Biomass (ng/1) 0.01(0.97) 0.04(0.84) -0.13(0.54) 
Calanoid/1 0.34(0.13) 0.11(0.60) 0.06(0.77) 
Calanoid Size (jim) -0.26(0.21) -0.28(0.18) -0.26(0.22) 
Calanoid Biomass (ng/1) 0.17(0.45) 0.44(0.03) 0.35(0.09) 
CycIopoid/1 0.05(0.82) 0.19(0.37) 0.18(0.41) 
Cyclopoid Size (nm) -0.14(0.55) -0.30(0.16) -0.23(0.28) 
Cyclopoid Biomass (ng/l) 0.03(0.89) 0.16(0.47) 0.17(0.43) 
NBI 
Daphnia spp./I -0.08(0.74) -0.03(0.88) -0.02(0.94) 
Daphnia spp. Size (nm) -0.07(0.76) -0.28(0.21) -0.42(0.04) 
Daphnia spp. Biomass (ng/l) -0.llf0.62) -0.09(0.67) -0.29(0.17) 
Calanoid/l 0.09(0.69) 0.02(0.91) 0.02(0.92) 
Calanoid Size (nm) 0.00(0.99) 0.03(0.88) -0.07(0.75) 
Calanoid Biomass (lig-l) 0.07(0.75) 0.36(0.08) 0.25(0.25) 
Cyclopoid/1 0.23(0.32) 0.20(0.35) 0.11(0.60) 
Cyclopoid Size (nm) 0.01(0.97) -0.19(0.38) -0.16(0.46) 
Cyclopoid Biomass (^g/1) 0.22(0.33) 0.17(0.42) 0.11(0.61) 
'ma = Mt. Ayr Fish Hatchery ponds, Iowa. 
Table 11. Spearman Rank Correlations (P-Value) between zooplankton measurements and 
fish yield (% survival) and production (kg/ha) during the 1996-1998 walleye culture seasons 
in 'FU ponds (n=19), Iowa. 
Yield 
Zooplankton Measurement Week 1 Week 1 & 2 Week 1 - 3 
Daphnia spp./l -0.02(0.92) -0.03(0.90) -0.17(0.47) 
Daphnia spp. Size (iim) -0.45(0.10) -0.10(0.68) -0.22(0.35) 
Daphnia spp. Biomass (ng/1) -0.04(0.88) -0.04(0.85) -0.12(0.62) 
Calanoid/1 0.25(0.33) -0.08(0.73) 0.01(0.96) 
Calanoid Size (nm) 0.38(0.26) -0.41(0.10) -0.05(0.82) 
Calanoid Biomass (ng/1) 0.03(0.90) -0.02(0.92) -0.02(0.92) 
Cyclopoid/1 -0.15(0.57) 0.04(0.87) -0.19(0.42) 
Cyclopoid Size (mn) -0.32(0.21) -0.34(0.15) -0.39(0.10) 
Cyclopoid Biomass (ng/1) -0.33(0.19) 0.05(0.82) -0.13(0.60) 
Production 
Daphnia spp./l 0.05(0.83) 0.05(0.84) 0.16(0.52) 
Daphnia spp. Size (^m) -0.39(0.16) -0.64(0.00) -0.67(0.00) 
Daphnia spp. Biomass (ng/1) 0.10(0.69) 0.05(0.82) 0.08(0.75) 
Calanoid/1 0.50(0.04) 0.15(0.54) 0.23(0.34) 
Calanoid Size (fim) -0.15(0.66) -0.27(0.29) -0.03(0.89) 
Calanoid Biomass (ng/1) 0.21(0.41) 0.07(0.77) 0.07(0.78) 
Cyclopoid/1 0.09(0.72) 0.29(0.22) 0.14(0.57) 
Cyclopoid Size (nm) -0.52(0.03) -0.34(0.16) -0.21(0.39) 
Cyclopoid Biomass (iig/l) -0.08(0.74) 0.25(0.30) 0.08(0.73) 
'FU = Fairport Fish Hatchery upper ponds, Iowa. 
Table 12. Spearman Rank Correlations (P-Value) between zooplankton measurements and 
net fish yield (NFY) and net biomass increase (NBI) during the 1996-1998 walleye culture 
seasons in 'FU ponds (n=19), Iowa. 
NFY 
Zooplankton Measurement Week 1 Week 1 &2 Week 1 - 3 
Daphnia spp./l 0.08(0.75) 0.12(0.63) 0.20(0.40) 
Daphnia spp. Size (nm) -0.37(0.18) -0.65(0.00) -0.74(0.00) 
Daphnia spp. Biomass (ng/1) 0.14(0.58) 0.11(0.65) 0.13(0.60) 
Calanoid/1 0.53(0.03) 0.19(0.43) 0.28(0.23) 
Calanoid Size (^un) -0.04(0.89) -0.24(0.36) -0.06(0.81) 
Calanoid Biomass (ng/1) 0.25(0.33) 0.13(0.58) 0.12(0.63) 
Cyclopoid/1 0.08(0.76) 0.32(0.17) 0.17(0.48) 
Cyclopoid Size (nm) -0.62(0.01) -0.48(0.04) -0.40(0.09) 
Cyclopoid Biomass (ng/1) -0.15(0.57) 0.24(0.32) 0.09(0.70) 
NBI 
Daphnia spp./l 0.04(0.88) -0.00(0.98) -0.02(0.94) 
Daphnia spp. Size (nm) -0.39(0.16) -0.38(0.10) -0.49(0.03) 
Daphnia spp. Biomass (ng/1) 0.07(0.79) 0.02(0.93) -0.03(0.91) 
Calanoid/1 0.51(0.04) 0.01(0.95) 0.11(0.65) 
Calanoid Size (nm) 0.18(0.61) -0.30(0.23) 0.02(0.91) 
Calanoid Biomass (ng/1) 0.19(0.46) -0.07(0.78) -0.06(0.79) 
Cyclopoid/1 0.04(0.86) 0.14(0.56) 0.02(0.93) 
Cyclopoid Size (^m) -0.51(0.03) -0.45(0.05) -0.35(0.14) 
Cyclopoid Biomass (ug/1) -0.16(0.54) 0.12(0.63) -0.01(0.97) 
'FU = Fairport Fish Hatchery upper ponds, Iowa. 
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with yield (Table 13) and NBI (Table 14). 
A frequency distribution of mean Daphnia spp. size over the first 2 weeks of culture 
in each pond was constructed to determine if there was a dividing line for desirable and 
undesirable sizes of Daphnia spp. (Figure 1). From the fi-equency distribution, it was 
apparent that a bimodal distribution of mean Daphnia spp. sizes was present with 800 - 900 
(om being the mid-point between the two distributions. Various midpoints of Daphnia spp. 
size were used to divide the ponds and then compare production using an unpaired t-test. 
The smallest P-value (0.0106) occurred when dividing ponds based on a Daphnia spp. size of 
800 fim. 
Discussion and Conclusions 
Based on this data, it appears that Daphnia spp. size can be used to monitor fish 
production. If Zaret's findings of being able to predict the prey from the predators present 
could be used in reverse (i.e. predict the predator's success based on the prey present), it is 
expected that large numbers oiDaphnia spp. and copepods would have a positive influence 
on culture success. Larger sizes oi Daphnia spp. and copepods reflect low predation pressure 
by zooplanktivorous fish on zooplankton and, therefore, poor productivity results. We did 
not see a consistent pattern of positive correlations with zooplankton numbers, but there was 
definitely a pattern with negative correlations and Daphnia spp. size. 
Our results dealing with Daphnia spp. size in walleye production ponds agree with Zaret's 
findings. When Daphnia spp. mean size over the first two to three weeks of culture was 
large (> -800 (im), culture success was poor; when Daphnia spp. mean size over the 
Table 13. Spearman Rank Correlations (P-Value) between zooplankton measurements and 
fish yield (% survival) and production (kg/ha) during the 1996-1998 walleye culture seasons 
in 'FL ponds (n=20), Iowa. 
Yield 
Zooplankton Measurement Week 1 Week 1 & 2 Week 1 - 3 
Daphnia spp./l 0.02(0.93) 0.05(0.83) 0.02(0.91) 
Daphnia spp. Size (pm) 0.10(0.69) 0.04(0.87) 0.18(0.45) 
Daphnia spp. Biomass (ng/1) 0.06(0.82) 0.10(0.67) 0.13(0.57) 
Calanoid/1 -0.20(0.42) -0.17(0.46) -0.40(0.08) 
Calanoid Size (^m) 0.18(0.71) 0.06(0.84) 0.04(0.88) 
Calanoid Biomass (ng/1) -0.40(0.10) -0.35(0.12) -0.45(0.05) 
Cyclopoid/1 -0.29(0.25) -0.02(0.93) 0.02(0.94) 
Cyclopoid Size (nm) 0.33(0.19) 0.23(0.33) 0.18(0.43) 
Cyclopoid Biomass (ng/1) -0.23(0.36) -0.01(0.96) -0.02(0.93) 
Production 
Daphnia spp./l -0.15(0.55) -0.06(0.80) -0.08(0.74) 
Daphnia spp. Size (^m) 0.16(0.53) 0.10(0.68) 0.18(0.45) 
Daphnia spp. Biomass (ng/1) -0.06(0.81) 0.01(0.98) 0.02(0.93) 
Calanoidyi -0.21(0.40) -0.10(0.67) -0.28(0.22) 
Calanoid Size (^m) -0.09(0.80) -0.02(0.95) 0.12(0.64) 
Calanoid Biomass (ng/1) -0.38(0.11) -0.27(0.25) -0.31(0.18) 
Cyclopoid/1 -0.16(0.53) 0.06(0.78) 0.14(0.56) 
Cyclopoid Size (ura) 0.36(0.15) 0.22(0.36) 0.17(0.47) 
Cyclopoid Biomass (ng/1) -0.09(0.70) 0.07(0.76) 0.09(0.70) 
'FL = Fairport Fish Hatchery lower ponds, Iowa. 
Table 14. Spearman Rank Correlations (P-Value) between zooplankton measurements and 
net fish yield (NFY) and net biomass increase (NBI) during the 1996-1998 walleye culture 
seasons in 'FL ponds (n=20), Iowa. 
NFY 
Zooplankton Measurement Week 1 Week 1 & 2 Week 1 - 3 
Daphnia spp./l -0.06(0.80) -0.01(0.95) -0.05(0.84) 
Daphnia spp. Size (^m) 0.14(0.58) 0.07(0.76) 0.17(0.46) 
Daphnia spp. Biomass (ng/1) -0.01(0.96) 0.03(0.91) 0.04(0.85) 
Calanoid/1 -0.20(0.42) -0.10(0.66) -0.29(0.20) 
Calanoid Size (nm) -0.09(0.80) -0.02(0.95) 0.05(0.82) 
Calanoid Biomass (|ig/l) -0.33(0.18) -0.26(0.26) -0.31(0.17) 
Cyclopoid/1 -0.12(0.63) 0.09(0.70) 0.14(0.56) 
Cyclopoid Size (^m) 0.34(0.18) 0.17(0.46) 0.13(0.57) 
Cyclopoid Biomass (ng/1) -0.05(0.84) 0.10(0.67) 0.10(0.66) 
Daphnia spp./l -0.23(0.34) 
NBI 
-0.16(0.49) -0.15(0.51) 
Daphnia spp. Size (nm) 0.18(0.49) 0.16(0.51) 0.26(0.27) 
Daphnia spp. Biomass (ng/1) -0.14(0.57) -0.08(0.73) -0.05(0.84) 
Calanoid/1 -0.30(0.22) -0.20(0.38) -0.35(0.12) 
Calanoid Size (nm) -0.12(0.80) 0.37(0.31) 0.13(0.61) 
Calanoid Biomass (|ig/l) -0.50(0.04) -0.39(0.08) -0.40(0.08) 
Cyclopoid/1 -0.21(0.41) 0.00(0.99) 0.03(0.91) 
Cyclopoid Size (nm) 0.45(0.06) 0.29(0.20) 0.23(0.32) 
Cyclopoid Biomass (ugA) -0.12(0.63) 0.03(0.91) -0.00(0.99) 
FL = Fairport Fish Hatchery lower ponds, Iowa. 
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Figure 1. Frequency distribution of Daphnia spp. mean size (jim) over the first 2-weeks of 
walleye culture (top) and the first 3-weeks of walleye culture (bottom) in Mt. Ayr and 
Fairport Hatcheries overS-years (n=63), Iowa, 1996-1998. 
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first two to three weeks of culture was small (< ~800 |im), culture success was good. This 
would be a reflection of the zooplanktivorous predator's (i.e., walleye's) degree of pressure 
on Daphnia spp. populations. When gape-limited predation pressure was high, i.e., culture 
was successful, Daphnia spp. populations were shifted to organisms with a smaller body size. 
When gape-limited predation pressure was low, i.e., culture was not successful, Daphnia spp. 
population were able to attain a larger body size. 
These results would also agree with the findings of Mills and Schiavone (1982). 
They found that when fish communities were of desirable structiire, the mean body lengths of 
crustacean zooplankton were greater than 1.0 mm. Desirable wild fish communities have 
enough piscivores to control planktivore density. Therefore, low predation on planktivorous 
fish by piscivores would allow large populations of planktivorous fish to exert more 
predation pressure on zooplankton and reduce the mean size of zooplankton. Conversely, 
when piscivores are controlling planktivore populations, there are fewer planktivores to exert 
pressure on zooplankton and mean size of zooplankton can increase. In their study, large 
mean body sizes of zooplankton reflect a desirable situation. However, in zooplanktivorous 
fish production ponds the desirable balance would be equivalent to complete absence of 
piscivores and no control over planktivore populations. This would result in very small sizes 
of zooplankton and would indicate an imbalanced situation in fisheries management, but 
would indicate a good situation for fish production ponds. 
Based on this data, during the first 3 weeks of culture Daphnia spp. size is negatively 
correlated with fish production and can be used as an index of culture success. There are 
obviously many factors that influence fish production, many of which are not related to 
zooplankton populations. However, by monitoring Daphnia spp. sizes during the first 2- to 
151 
3-week period of the culture season the fish culturist may gain insight on how the fish 
production is progressing. If the mean size of Daphnia spp. is greater than 800 during 
the first 2- to 3-weeks, draining the pond and starting over with new fish may be considered. 
Monitoring of Daphnia spp. mean size over the first 2 weeks of walleye culture can 
be used as a predictor of walleye culture success as long as other problems don't arise such 
as the problems with the FL ponds. If large clam shrimp and zebra mussel infestations occur 
in the ponds or the ponds are unintentionally flooded during the winter, this parameter will 
not work as a predictor of walleye culture success. 
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CHAPTER 7. NUTRIENTS AND ZOOPLANKTON POPULATIONS 
A paper to be submitted to the Journal of the World Aquaculture Society 
Charles C. Mischke and Joseph E. Morris 
Abstract 
During pond culture of walleye fry, natural production of copepods and cladocerans 
is often relied on for the fish's initial food source. Fertilizers are commonly added to 
production ponds to increase the zooplankton forage base for the walleye. A better 
understanding of zooplankton population trends and how they relate to nutrients is necessary 
for more efficient fertilization strategies. This study analyzed how zooplankton populations 
related to various nutrient levels in larval walleye production ponds. From previous studies, 
it was expected that phosphorus levels would have positive relationships with zooplankton 
biomass. In our study, the various nutrients and ratios had positive relationships with some 
zooplankton species and a negative relationships with others. This suggests that various 
species are better competitors at the varying levels of nutrients. The correlations were 
strongest with the nutrient ratios compared with nutrient levels for Daphnia spp. and 
Bosmina spp. Copepods and Daphnia spp. density and biomass were negatively correlated 
with nitrogen and phosphorus ratios. Bosmina spp. density and biomass were positively 
correlated with nitrogen and phosphorus ratios. Low Bosmina spp. density and biomass 
along with high copepod and Daphnia spp. density and biomass is a desirable situation in 
walleye culture. Therefore, maintaining low NOsrTP ratios or TN:TP ratios may result in 
increased copepod and Daphnia spp. biomass while at the same time decreased Bosmina spp. 
biomass. 
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Introduction 
In the culture of walleye Stizostedion vitreum it is common practice to stock larval 
fish in ponds at hatching and rear the fish in these ponds for four to six weeks. Natural 
production of zooplankton in the ponds is relied on for the fish's food source and is therefore 
critical to the success of the culture season. 
At the onset of exogenous feeding, walleye will begin to consume copepods and 
small chironomid larvae. As the fish grow, they will begin to switch to larger zooplankton, 
such as the cladoceran Daphnia spp., and larger chironomid larvae. By the end of the culture 
season walleye larvae are feeding primarily on aquatic insects and will begin to exhibit 
cannibalism if not removed fi-om the ponds (Fox et al. 1989; Fox and Flowers 1990; 
Summerfelt et al. 1993). 
Because of the succession of feeding habits of larval walleye, it is beneficial to be 
able to control the species and numbers of zooplankton in the production ponds at the 
different stages of walleye feeding. Fertilizers are commonly added to the production ponds 
to increase the zooplankton forage base for the walleye. However, fertilizers are commonly 
added on a pre-set amount and schedule, and the zooplankton population responses are oiten 
ignored. 
McQueen et al. (1986) investigated bottom-up (producer controlled) and top-down 
(consimier controlled) forces in fireshwater systems. From their investigations, the following 
predictions were among those that emerged: 
1) maximum biomass is controlled at each level fi-om below by nutrient availability; 
2) this regulation is strongest at the bottom of the food web; 
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3) as energy moves up a food web, bottom-up interactions decrease; and 
4) top-down interactions are strongest near the top of the food web. 
If these predictions hold for production ponds, it should be possible to control zooplankton 
biomass (and possibly numbers and species composition) through nutrient additions and 
manipulations. 
McQueen et al. (1986) reported on strong bottom-up relationships from total 
phosphorus to chlorophyll a biomass. However, increasing fertility of ponds will only 
increase zooplankton production if the nutrients added are channeled into an appropriate prey 
base that can be utilized by the zooplankton. If fertilization changes the phytoplankton 
community qualitatively, there may, despite increased total biomass of phytoplankton, be a 
decreased food supply for zooplankton (Olsson et al. 1992). A reduction in zooplankton 
food base may occur if the structure of phytoplankton changes to undesirable species, e. g., 
Chlorophyceae or Cyanophyceae. Gelatinous sheaths and aggregations protect these algae 
(Ollson et al. 1992). Therefore, in addition to nutrient amounts, nutrient ratios have received 
some attention as an influencing factor in phytoplankton community structure. The idea is 
that the "desirable" phytoplankton (those readily ingested by zooplankton) have an optimal 
N:P ratio which will give them the advantage over the "less-desirable" phytoplankton. 
Growth of plankton is regulated by the nutrient in shortest supply; there is not a multiple 
nutrient limitation (Rhee 1978; Rhee and Gotham 1980). This suggests that there are 
species-specific optimum nutrient ratios that could be manipulated to shift populations to 
"desirable" species compositions. 
A better understanding of zooplankton population trends and how they relate to 
nutrients is necessary for more efficient fertilization strategies for production ponds. This 
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study used three years of observational data fiom walleye production ponds to investigate 
bottom-up forces from total nitrogen (TN), nitrate (NO3), total phosphorus (TP) and the 
N03:TP and TN:!? ratios to copepod and cladoceran populations. The objective of this 
study is to analyze how zooplankton populations change in relation to nutrient levels in larval 
walleye production ponds. 
Methods 
Study Sites 
Several production ponds are currently operated by the Iowa Department of Natural 
Resources (IDNR). Such ponds are economically important because they supply the fish 
needed to stock public and private waters in the state. Two hatchery systems were sampled 
in this study. 
The first hatchery, Mt. Ayr, is located in south central Iowa, Ringold County. Its 
eight earthen ponds (MA ponds) are filled with water fi-om the Loch Ayr Reservoir. Ponds 
are initially fertilized with alfalfa meal at a rate of 168 kg/ha and 3 d later at a rate of 112 
kg/ha. Ponds are subsequently fertilized approximately every four days at a rate of 56 kg/ha. 
Total fertilization rates are approximately 560-670 kg/ha for each pond. 
The second hatchery, Fairport Hatchery, is a culture station located on the Mississippi 
River in Muscatine County. The Mississippi River supplies the water for the facility that 
consists of 19 earthen ponds; approximately 12 of these ponds are used each year for walleye 
and saugeye production. Currently, no fertilizers are added to production ponds. At Fairport, 
approximately half of the ponds, the lower ponds (FL ponds), are right next to the river and 
the other half of the ponds, the upper ponds (FTJ ponds), are several meters away from the 
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river on higher ground. The FL ponds generally have much poorer production results than 
the FU ponds due to clam shrimp Caenestheriella spp. and zebra mussel Dreissena 
polymorpha infestations. Clam shrimp are a nuisance in production ponds because they clog 
screens during draining and reduce fish production. Dexter and McCanaher (1967) reported 
clam shrimp to reduce fish production by 60 to 80% in goldfish Camssius auratus 
production ponds. Clam shrimp have also been reported to reduce production of both 
fingerling walleye and northern pike when present in large numbers (Luzier and Summerfelt 
1993). Because of the large differences among FU and FL ponds, the two groups of ponds 
are treated as separate systems. 
At both sites, 1- to 3-d old walleye are stocked into the ponds as they are filling and 
then reared in the ponds for 25 to 50 d, depending on walleye growth and stocking needs. 
The above management practices have yielded variable production and survival data. 
Nutrients and ultimate fish productivity of the ponds varies firom year to year, from hatchery 
to hatchery, and firom pond to pond. 
This study relates to data collected over three culture seasons (1996-1998). Emphasis 
was placed on copepods and Daphnia spp., the major forage zooplankton for larval walleye. 
We concentrated on zooplankton dynamics in walleye production ponds, but results should 
be applicable to the production of odier zooplanktivorous species as well. 
Water Chemistry 
Water chemistry was monitored throughout the production period. Samples were 
collected weekly using a 5.0-cm PVC tube sampler equipped with a one-way check valve to 
collect the top 1 m of the water column (2-1 total water sample) firom three locations in each 
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pond. The three sample locations are at the drainage area of each pond and at half the 
distance on both sides of the pond adjacent to the basin. Composite water samples were 
placed in acid-washed polyethylene bottles and packed in coolers for laboratory analysis. 
Ammonia-, nitrate-, and nitrite-nitrogen; total phosphorus; and total alkalinity and hardness 
were determined using a HACH 2000 spectrophotometer (HACH Chemical Company, 
Loveland, Colorado). Total nitrogen was also measured using second-derivative analyses 
(Crumpton et al. 1992). Temperatiu-e, dissolved oxygen, pH and total dissolved solids (TDS) 
were measured on site each week. 
Zooplankton 
Zooplankton samples were collected twice per week using oblique 2-m tows with an 
80-|im mesh Wisconsin net from three locations per pond. Each tow filtered a total of 22.6 1; 
the total volume of water filtered per pond being 67.8 1 (three tows). Composite zooplankton 
samples were preserved using a chilled 4% formalin/sucrose solution buffered with sodium 
tetraborate. Numbers of each group of zooplankton were estimated by counting numbers in 
three 1-ml sub-samples from each sample. 
Length measurements of Cyclopoida, Calanoida, Bosmina spp. and Daphnia spp. 
were also taken. Copepod lengths were based on the length of the metasome plus the 
urosome, which is the length from the tip of the head to the segment just before the tail splits 
(Pennak 1989). For cladocerans, total carapace was measured, excluding posterior spines 
and "helmet" formations. 
Biomass oiDaphnia spp. and copepod biomass was estimated from lengths using 
equations developed by Dumont et al. (1975). Daphnia spp. biomass was estimated using 
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the equation W=1.5*10"® Cyclopoida by W=l.l*10'^ L" ^ '; Calanoidaby W=7.9*10"' 
Data Analysis 
Spearman Rank correlations were conducted to determine if zooplankton numbers, 
zooplankton sizes, and zooplankton biomass had relationships with nutrient levels or 
nutrient ratios. Mean number and biomass of zooplankton over the culture season and mean 
nutrient values over the cultiu-e season from each pond were used in the analysis. 
Correlations were conducted using Sigma Stat© (SPSS, Chicago, IL, formerly Jandel 
Scientific Corporation, San Rafael CA) using significance levels of P=0.10 in all analyses. 
Results and Discussion 
Mean water quality values for each pond over the production period for each year are 
presented in Chapter 5. Mean dissolved oxygen levels were measured in this study, but 
since these readings were taken during mid-morning to early afternoon, they are of minor use 
to this study. Ammonia and pH were also above the desirable range for walleye (i.e., 
unionized ammonia <0.02, pH 6.5 - 8.0) in Mt. Ayr ponds in 1997 and 1998 (Summerfelt 
1996). However, it did not appear that these higher than recommended ammonia levels had 
any effect on fish production. Recommended values of ammonia are based on toxicity 
studies with fish confined to small containers of water and a constant ammonia level. In 
production ponds, fish can swim away fiom areas of high ammonia through vertical 
migration or swimming towards water inlets. Also, the ammonia in production ponds 
changes rapidly, so there is not the constant exposure that occurs in toxicity testing. All other 
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parameters were within the desirable range for walleye culture (Piper et al. 1992; Summerfelt 
1996). 
Numbers, sizes and biomass of Calanoida, Cyclopoida, srvdDaphnia spp. were 
measured and means through the walleye season are presented for MA ponds (Table 1), FL 
ponds (Table 2), and FU ponds (Table 3). 
Correlation coefficients for Cyclopoida measurements and nutrients were calculated 
(Table 4), and scatter plots were constructed (Figure 1). Cyclopoida biomass and density 
were significantly negatively correlated with nitrate (-0.40 and -0.35, respectively) and the 
NOsrTP ratio (-0.31 and -0.27, respectively). Because the correlations with nitrate are higher 
than the correlations with the ratio, nitrate levels appear to be more important than the ratio 
with this group of zooplankton. 
Correlation coefficients for Calanoida measurements and nutrients were calculated 
(Table 4) and scatter plots were constructed (Figure 2). Several significant correlations were 
found with this group of zooplankton and nutrients. Total nitrogen was negatively conelated 
with both Calanoida biomass and density (-0.51 and -0.58, respectively). Total phosphorus 
was positively correlated with both biomass and density (0.56 and 0.54, respectively). Both 
the TN:TP and NOsrTP ratios were also negatively correlated with both biomass and density. 
The TN:TP ratio had stronger correlations with biomass and density (-0.60 and -0.60, 
respectively) than nitrogen or phosphorus alone. This would indicate that the ratios of 
nitrogen and phosphorus are more important than individual nutrient levels for this group of 
zooplankton. 
Correlation coefficients for Daphnia spp. measurements and nutrients were calculated 
(Table 5) and scatter plots were constructed (Figure 3). Nitrate levels were negatively 
Table 1. Measurements of zooplankton, mean (SEM), during walleye rearing seasons from 
'ma ponds, Iowa, 1996 - 1998. Values represent the mean over the entire season of samples 
taken twice per week. 
Pond Number 
Measurement Year 1 2 3 4 5 6 7 8 
1996 150 182 118 117 92 150 93 112 
(41) (62) (30) (33) (28) (46) (20) (33) 
Calanoida Mean 1997 47 96 104 132 114 67 80 113 
Number/1 (9) (26) (30) (37) (34) (20) (14) (31) 
1998 81 24 48 110 94 34 24 8 
(34) (7) (12) (25) (28) (16) (4) (2) 
1996 726 741 748 692 763 727 716 696 
(36) (31) (26) (43) (33) (40) (40) (32) 
Mean Size 1997 778 779 745 813 806 762 775 821 
(l^m) (34) (37) (30) (31) (39) (47) (40) (38) 
1998 702 783 716 707 732 702 702 741 
(52) (58) (28) (24) (29) (48) (43) (32) 
1996 535 647 483 360 362 545 316 399 
(148) (215) (151) (90) (121) (165) (68) (146) 
Mean Biomass 1997 167 380 374 506 569 212 299 504 
(|Ag/l) (35) (106) (135) (134) (217) (69) (65) (155) 
1998 212 79 160 369 330 86 82 35 
(94) (18) (39) (89) (89) (29) (17) (8) 
1996 6 13 11 7 50 6 14 12 
(2) (2) (12) (9) (55) (9) (17) (12) 
Cyclopoida Mean 1997 10 13 13 23 25 7 11 28 
NumberA (4) (5) (4) (7) (12) (2) (5) (11) 
1998 82 34 111 118 239 78 128 54 
(35) (10) (38) (30) (80) (35) (40) (18) 
1996 592 604 601 590 640 593 588 570 
(14) (11) (16) (8) (16) (13) (15) (11) 
Mean Size 1997 595 622 596 613 613 587 588 622 
(^lm) (19) (16) (15) (20) (16) (18) (20) (22) 
1998 597 615 604 630 601 592 613 584 
(32) (24) (20) (24) (19) (14) (20) (16) 
1996 10 22 20 11 111 11 24 19 
(5) (4) (6) (5) (40) (5) (9) (6) 
Mean Biomass 1997 15 22 19 41 41 10 16 47 
(ng/1) (7) (9) (5) (15) (18) (3) (6) (19) 
1998 110 47 166 190 343 128 202 76 
(54) (16) (53) (42) (112) (61) (52) (24) 
'MA = Mt. Ayr Fish Hatchery ponds, Iowa. 
Table 1. (continued) 
Pond Number 
Measurement Year 1 2 3 4 5 6 7 8 
1996 169 437 340 280 169 160 128 360 
(86) (166) (126) (107) (63) (74) (54) (142) 
Daphnia spp. Mean 1997 203 245 213 178 208 237 302 371 
Number/1 (111) (102) (83) (72) (84) (109) (130) (149) 
1998 304 331 328 162 245 202 253 214 
(131) (157) (158) (87) (127) (85) (98) (86) 
1996 651 648 620 589 682 647 651 577 
(38) (60) (16) (26) (19) (41) (29) (24) 
Mean Size 1997 729 660 672 719 714 708 679 670 
(^m) (38) (24) (26) (30) (30) (39) (27) (17) 
1998 663 677 700 620 643 652 650 639 
(36) (31) (24) (58) (24) (21) (44) (17) 
1996 206 520 446 284 303 208 168 447 
(110) (204) (175) (111) (119) NO OO (70) (200) 
Mean Biomass 1997 271 318 408 307 312 358 494 590 
(Mg/1) (138) (123) (179) (132) (117) (170) (211) (241) 
1998 528 646 702 348 395 257 446 326 
(230) (312) (366) (202) (222) (99) (167) (140) 
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Table 2. Measurements of zooplankton, mean (SEM) during walleye rearing seasons from 
'FL ponds, Iowa, 1996 - 1998. Values represent the mean over the entire season of samples 
taken twice per week. 
Pond Number 
Measurement Year 25 26 27 28 28c 29 30 
1996 18 11 4 8 18 10 12 (10) (5) (2) (3) (8) (3) (5) 
Calanoida Mean 1997 14 11 6 7 5 10 10 Number/1 (8) (4) (3) (4) (2) (4) (4) 
1998 .X 1 0 2 2 11 1 (0) (0) (1) (1) (5) (0) 
1996 798 756 800 734 780 767 808 Mean Size (94) (35) (66) (38) (73) (54) (76) 
1997 675 620 719 835 722 628 620 
(Hm) (85) (51) (93) (114) (106) (34) (25) 
1998 663 725 588 755 790 707 (46) (47) (116) (49) (83) (44) 
1996 94 4 12 29 160 50 80 (51) (2) (8) (13) (120) (18) (43) 
Mean Biomass 1997 9 32 6 30 14 21 19 
(^g/1) (3) (19) (3) (18) (7) (11) (8) 
1998 X 2 (1) 
2 
(1) 
2 
(1) 
4 
(2) 
39 
(14) 
2 
(1) 
1 OO^ 16 9 4 9 14 21 7 1 wo (8) (4) (1) (3) (8) (8) (3) 
Cyclopoida Mean 1997 23 12 8 11 7 20 13 Number/1 (9) (4) (4) (4) (2) (8) (5) 
\ OQfi X 30 12 76 32 142 11 (12) (3) (22) (9) (68) (4) 
658 587 623 637 597 651 609 
Mean Size l y y O  (28) (22) (40) (39) (29) (25) (21) 
1 007 665 726 634 651 594 631 649 
(Mm) 
i y y  /  (27) (45) (21) (23) (34) (27) (24) 
1 QOfi X 610 592 614 571 687 666 (48) (42) (20) (35) (19) (47) 
1 QQA 31 14 10 19 21 34 10 (15) (5) (3) (5) (10) (12) (4) 
Mean Biomass 1 QC? 45 23 18 21 12 33 29 
(^g/1) (16) (8) (11) (7) (3) (11) (12) 
1 QOfi X 42 19 90 46 37 0 l y y o  (17) (6) (32) (11) (18) (0) 
FL = Fairport Fish Hatchery lower ponds, Iowa, 
("x" indicates pond was not in production that year). 
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Table 2. (continued) 
Pond Number 
Measurement Year 25 2b 27 28 28c 29 30 
1996 19 9 6 65 13 55 8 (8.3) (4) (3) (33) (6) (30) (3) 
Daphnia spp. Mean 
Number/1 
1997 
1998 
38 
(14) 
X 
124 
(32) 
6 
48 
(18) 
1 
39 
(18) 
20 
66 
(31) 
2 
24 
(9) 
116 
27 
(7) 
4 
(2) (0) (11) (1) (53) (2) 
1996 833 725 825 704 717 908 819 (40) (30) (80) (80) (29) (48) (76) 
Mean Size 
(jam) 
1997 1066 1106 1168 1175 1210 1285 1200 (103) (74) (108) (105) (187) (129) (87) 
1998 X 785 735 666 558 806 906 (110) (61) (128) (44) (53) (125) 
1996 67 16 12 118 28 216 18 (36) (8) (7) (62) (11) (140) (6) 
Mean Biomass 1997 522 890 199 286 465 247 264 
(^g/1) (392) (267) (81) (124) (196) (103) (109) 
1998 X 14 2 17 1 398 14 (6) (1) (11) (1) (188) (10) 
Table 3. Measurements of zooplankton, mean (SEM) during walleye rearing seasons from 
'FU ponds, Iowa, 1996 - 1998. Values represent the mean over the entire season of samples 
taken twice per week. 
Pond Number 
Measurement Year 35 37 38 39 40 41 42 43 
1996 19 67 X 15 9 5 29 10 (5) (62) (6) (2) (2) (20) (5) 
Calanoida Mean 1997 X X 12 17 9 6 9 3 Number/1 (9) (7) (4) (5) (4) (1) 
1998 X X 4 4 1 1 1 2 (2) (2) (1) (1) (1) (1) 
1996 827 845 X 862 846 738 927 795 Mean Size (63) (85) (46) (90) (62) (164) (104) 
1997 X X 778 782 804 690 694 771 (Mm) (113) (78) (101) (64) (69) (106) 
1998 X X 909 737 718 762 894 986 (96) (142) (122) (125) (115) (134) 
1996 92 127 X 37 36 15 206 30 (25) (112) (19) (15) (7) (202) (19) 
Mean Biomass 1997 X X 15 25 44 20 34 16 
(^g/1) (7) (9) (18) (15) (20) (8) 
1998 X X 17 6 5 5 5 8 (12) (6) (4) (4) (3) (5) 
1996 21 101 X 23 18 5 25 8 (6) (36) (6) (5) (3) (12) (4) 
Cyclopoida Mean 1997 X X 22 31 17 27 16 19 Number/1 (6)  (8) (6) (8) (4) (6) 
1998 X X 132 331 99 78 69 214 (62) (107) (34) (26) (24) (192) 
1996 664 731 X 671 683 678 777 667 Mean Size (33) (19) (30) (21) (13) (28) (39) 
1997 X X 727 677 679 709 710 697 Cum) (42) (30) (22) (35) (34) (39) 
1998 X X 639 696 638 630 599 639 (22) (12) (15) (32) (28) (15) 
1996 39 308 X 47 43 11 82 13 (9) (105) (12) (11) (6) (36) (6) 
Mean Biomass 1997 X X 60 77 44 69 36 49 (Hg/1) (15) (21) (14) (24) (8) (22) 
1998 X X 17 45 28 10 6 109 (7) (25) (8) (3) (3) (55) 
FU = Faiiport Fish Hatchery upper ponds, Iowa. 
("x" indicates pond was not in production that year). 
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Table 3. (continued) 
Pond Number 
Measurement Year 35 37 38 39 40 41 42 43 
117 74 X 6 59 96 76 3 
(48) (50) (3) (29) (34) (44) (1) 
X X 112 95 26 32 47 44 
(46) (42) (8) (12) (16) (26) 
X X 30 97 46 25 10 75 
(22) (43) (30) (15) (10) (43) 
974 816 X 817 1090 1150 1152 979 
(53) (37) (58) (105) (61) (60) (55) 
X X 1056 1048 962 1047 1102 1062 
(102) (96) (68) (49) (54) (74) 
X X 563 634 564 605 568 590 
(52) (51) (50) (32) (72) (26) 
419 282 X 22 364 669 443 17 
(158) (215) (13*) (155) (226) (207) (7) 
X X 451 572 217 158 373 373 
(200) (230) (136) (52) (146) (218) 
X X 70 215 65 26 3 92 
(61) (125) (58) (16) (3) (50) 
1996 
Daphnia spp. Mean . ___ 
Number/1 
1998 
1996 
Mean Size 
(Mm) 
1998 
1996 
Mean Biomass 
(Hg/1) 
1998 
Table 4. Results of Spearman Rank correlations for Cyclopoida and Calanoida mean 
number/l and mean biomass/1 over three walleye culture seasons from 'MA, "FL and ^FU 
ponds using total nitrogen (TN), nitrate (NO3), total phosphorus (TP), TN:TP and NOsrTP, 
Iowa, 1996-1998. 
Zooplankton 
Variable 
Water Quality 
Variable Correlation Coefficient P-Value 
Cyclopoida: 
TN -0.16 0.20 
Nitrate -0.35 0.00 
Mean Number/l Phosphorus -0.12 0.34 
TN:TP 0.01 0.94 
N03:TP -0.27 0.03 
TN -0.19 0.13 
Nitrate -0.40 0.00 
Mean Biomass/1 Phosphorus -0.12 0.34 
TN:TP 0.00 0.98 
N03:TP -0.31 0.01 
Calanoida: 
TN -0.58 0.00 
Nitrate 0.05 0.71 
Mean Number/l Phosphorus 0.54 0.00 
TN:TP -0.60 0.00 
N03:TP -0.45 0.00 
TN -0.51 0.00 
Nitrate 0.12 0.37 
Mean Biomass/1 Phosphorus 0.56 0.00 
TN:TP -0.60 0.00 
N03:TP -0.40 0.00 
'MA = Mt. Ayr Fish Hatchery ponds, Iowa. 
^FL = Fairport Fish Hatchery lower ponds, Iowa. 
^FU = Fairport Fish Hatchery upper ponds, Iowa. 
168 
9 
m 
• • 
• 
• 1 • *• 
• 
• • 
. .  
m 
• 
• • 
• * -  •  . * !  
• 
•• 
• • • 
• 
• • 
• # • 
• 
• • 
• • • • 
A 
• • • 
M 
* *• 
• • •  •  •  •  •  .  
! • • • • • * * •  I • • t • # * a a ^ 
• • 
• 
• • • 
^ A 
• • J* 
'eS • 
• • 
• 
• • • 
m 
* • 
• • •  
. a . * * * *  
• • 
Nitrate-N Phosphorus N03:TP 
Figure 1. Scatter plots of the relationships between mean nutrient levels and cyclopoid 
copepods over three years from walleye rearing ponds at Mt. Ayr and Fairport Hatcheries, 
Iowa, 1996-1998. 
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Figure 2. Scatter plots of the relationships between mean nutrient levels and calanoid 
copepods over three years from walleye rearing ponds at Mt. Ayr and Fairport Hatcheries, 
Iowa, 1996-1998. 
Table 5. Results of Spearman Rank Correlations for Daphnia spp. and Bosmina spp. mean 
number/1 and mean biomass/1 over three walleye culture seasons from ^MA, ^FL and ^FU 
ponds using nitrate (NO3), total phosphorus (TP) and NOsrTP, Iowa, 1996-1998. 
Zooplaiikton 
Variable 
Water Quality 
Variable Correlation Coefficient P-Value 
Daphnia spp. 
TN 
-0.41 0.00 
Nitrate 
-0.16 0.22 
Mean Number/1 Phosphorus 0.27 0.03 
TN:TP 
-0.37 0.00 
N03:TP 
-0.44 0.00 
TN 
-0.41 0.00 
Nitrate 
-0.38 0.00 
Mean Bicmass/1 Phosphorus 0.13 0.30 
TN:TP 
-0.29 0.02 
NOsiTP 
-0.55 0.00 
Bosmina spp. 
TN 0.32 0.01 
Nitrate 
-0.18 0.15 
Mean Number/1 Phosphorus 
-0.35 0.00 
TN:TP 0.40 0.00 
NOsiTP 0.11 0.40 
TN 0.28 0.02 
Nitrate 
-0.18 0.15 
Mean Biomass/l Phosphorus 
-0.35 0.00 
TN:TP 0.39 0.00 
NOs-.TP 0.11 0.39 
'MA = Mt. Ayr Fish Hatchery ponds, Iowa. 
^FL = Fairport Fish Hatchery lower ponds, Iowa. 
^FU = Fairport Fish Hatchery upper ponds, Iowa. 
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Figure 3. Scatter plots of the relationships between mean nutrient levels and Daphnia spp. 
over three years from walleye rearing ponds at Mt. Ayr and Fairport Hatcheries, Iowa, 1996-
1998. 
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correlated with Daphnia spp. biomass (-0.38); total nitrogen levels were negatively 
correlated with both Daphnia spp. density and biomass (-0.41 and -0.41, respectively). Total 
phosphorus was positively correlated with Daphnia spp. density (0.27). The TN:TP ratio 
was significantly correlated with both density and biomass (-0.37 and -0.29, respectively). 
Because these values are lower than the total nitrogen correlations, the TN:TP ratio probably 
just reflects TN levels and does not have much meaning. However the NOsiTP ratio was 
also negatively correlated with both density and biomass (-0.44 and -0.55, respectively). 
This indicates that the NOsiTP ratio is more important than either individual nutrient levels 
or the TN:TP ratio. Daphnia spp. have among the highest phosphorus demands of all 
zooplankton (Andersen and Hessen 1991). When Daphnia spp. were fed phosphorus-limited 
algae, population growth and somatic growth was lower than with non-phosphorus-limited 
algae (Weers and Gulati 1997). Phosphorus had greater importance to Daphnia spp. than 
levels of omega 3-highly unsaturated fatty acids, and growth, survival and reproduction were 
all elevated when Daphnia spp. were fed non-phosphorus-limited algae compared with 
phosphorus limited algae (Sundbom and Vrede 1997). 
Because of this, we expected to see very strong relationships with phosphorus levels 
and Daphnia spp. density. However, the relationship between NOs.TP and Daphnia spp./l 
and Daphnia spp. biomass were stronger than the relationship with phosphorus alone or 
nitrate alone. This suggests that relative amounts of phosphorus to nitrate are more important 
iox Daphnia spp. than phosphorus levels alone. 
This may have to do with phytoplankton population shifts at different nutrient levels. 
Daphnia spp. are generalists and can consume a wide range of phytoplarikton sizes (Perniak 
1989). If the phosphorus requirement is sufBcient, the Daphnia spp. may have a competitive 
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advantage over other zooplankton species when nitrogen is low; lower ratios may cause a 
shift in phytoplankton to species that are too large for other zooplanlcton to consume. 
In addition to copepods and Daphnia spp., we looked at the relationship of nutrients 
and Bosmina spp. populations (Table 5). Bosmina spp. are small-bodied cladocerans that 
were very common in the culture ponds. They are not generally consumed by walleye fry 
and are not a desirable forage base for the fish. Total nitrogen was positively correlated with 
Bosmina spp. density and biomass (0.32 and 0.28, respectively); total phosphorus was 
negatively correlated with both density and biomass (-0.35 and -0.35, respectively). The 
TN;TP ratio was positively correlated with both density and biomass (0.40 and 0.39, 
respectively). As with Daphnia spp., the correlations were stronger with the nutrient ratios 
than with individual nutrients. The relationships with Bosmina spp. were the opposite of the 
Daphnia spp. relationships. This indicates that Daphnia spp. and Bosmina spp. are better 
competitors at the different nutrient ratios. 
Conclusions 
Based on McQueen et al.'s (1986) studies, it would have been expected that 
phosphorus would have had stronger, positive relationships with the zooplankton 
populations. Only Daphnia spp. density and calanoid density and biomass were positively 
correlated with total phosphorus levels. Daphnia spp. and Bosmina spp. had the strongest 
relationships with nutrient ratios; these genera had opposite correlations with the nutrient 
ratios. Daphnia spp. are P limited; Daphnia spp. growth would consequently be limited 
when fed P-deficient algae (Main et al. 1997; Sterner 1997; Urabe et al. 1997). Therefore, 
we expected to see the strongest relationships with TP and Daphnia spp. numbers. Because 
174 
the relationship with NOsrTP is stronger than with TP, this would suggest that the relative 
amounts of nutrients are more important than the individual levels. Bosmina spp. had the 
opposite correlations with nutrient ratios compared to Daphnia spp. Bosmina spp. may have 
nutrient limitation constraints with nitrogen levels similar to Daphnia spp. constraints with 
phosphorus. However, competition with Daphnia spp. probably has more effect on Bosmina 
spp. populations than nutrients. When phosphorus is in short supply, Daphnia spp. growth is 
limited; this would reduce competition with Bosmina spp. 
In our study, the primary productivity was not considered. We only looked at 
relationships from the nutrients to the zooplankton populations. However, according to 
McQueen et al. (1986) there still should have been positive relationships with phosphorus 
and zooplankton biomass. McQueen et al. (1986) did look at natiu-al populations where there 
is a longer food chain and a more complicated food web as compared to production ponds. 
In natural populations there are nutrients, phytoplankton, zooplankton, zooplanktivorous fish 
and piscivorous fish. However, in an aquaculture situation, the food chain can be much 
abbreviated. There is generally only one fish species present, and in the case of walleye 
production, the fish is zooplanktivorous during the culture period. As McQueen et al. (1986) 
stated, bottom up effects are strongest lower on the food chain. Because the food chain in an 
aquaculture setting is abbreviated, the bottom up effects of nutrient enrichment may not be as 
clear as in a natural situation. 
Another factor that makes production ponds very different from natural situations is 
the sheer number of fish. Along with an abbreviated food chain, unnaturally large numbers 
of fish may also increase the top-down effects and reduce the clarity of bottom-up effects. 
McQueen et al. (1986) discussed phosphorus and total zooplankton biomass. 
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However, in an aquaculture situation, total biomass of zooplankton is not as important as 
biomass of specific species of zooplankton. In the case of walleye cultiire, biomass of 
Daphnia spp. and Copepods is of greater importance than total zooplankton biomass; walleye 
consume Daphnia spp. and Copepods during the juvenile stage when walleye are generally 
cultured. 
In our study, phosphorus and the NOsiTP and TN:TP ratios had positive relationships 
with some zooplankton species and negative relationships with others. This suggests that 
various species are better competitors at the varying levels of nutrients. The nutrient ratios 
were negatively related to Daphnia spp. biomass and copepod biomass, but positively 
correlated with Bosmina spp. density and biomass. Therefore, maintaining low nutrient 
ratios may result in increased Daphnia spp. and copepod biomass while at the same time 
decreased Bosmina spp. biomass. Because Daphnia and copepods are important forage for 
walleye and Bosmina spp. are not, this would be a desirable situation in walleye production 
ponds. 
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CHAPTER 8. GENERAL CONCLUSIONS 
Many northern fish culture facilities rely on natural production of zooplankton for a 
food source for larval fish of various species. Literatxire on fertilization of ponds is quite 
varied and recommendations range fi-om no fertilization to a combination of inorganic and 
organic fertilizers. Better understanding of the interactions among water quality, nutrients, 
phytoplankton and zooplankton is needed to develop more efficient fertilization strategies. 
Many times fertilizers are added to ponds in set amounts without regard to pre-
fertilizaticn nutrients. The first part of this study looked at relationships among nutrients and 
fish productivity in walleye production ponds before implementing fertilization regimes. A 
2-year observational study of pond dynamics indicated that the ratio of nitrate-N to total 
phosphorus (NOsiTP) may be an important factor in contributing to ultimate fish production. 
Lower ratios were found in ponds with higher fish production. In 1998, an experiment was 
set up to test if manipulations of the NOsiTP ratios in individual ponds throughout the culture 
season could influence final fish productivity. In 1998, nutrient ratios were naturally lower 
than in past years; no statistical comparisons could be made between treated ponds and 
control ponds. However, walleye production in 1998, with these low NOs:!? ratios, was 
successfiil relative to previous years. Similar studies will continue at Iowa State University 
to test the hypothesis that manipulation of this ratio can lead to an increase in fish 
productivity. 
The approach that should be used when developing fertilization regimes should be to 
first determine or confirm the desirable zooplankton species for the fish being cultured. In 
1998 walleye were sampled to determine feeding habits and condition factors of the fish 
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reared in two IDNR pond systems. Analysis of stomach contents indicated that the walleye 
showed a preference for copepods and Daphnia spp.. Daphnia spp. mean body size was 
positively correlated with K-factors and length at harvest, but negatively correlated with net 
fish yield (NFY). Daphnia spp. mean numbers over the culture season were positively 
correlated with fish productivity measures. For walleye production, fertilization schemes 
should concentrate on increasing numbers of Daphnia spp. in the production ponds. 
Benthic organisms can also be an important part of larval walleye diets; we observed 
the benthic organism trends in the IDNR production ponds over 3 years. Benthic populations 
were quite variable over the 3-year study, and between ponds within years. Diptera numbers 
tended to be positively correlated with fish productivity measures, but this was not always 
apparent. When studying the correlations within each hatchery, Diptera density was not 
significantly correlated with fish productivity at Mt. Ayr Hatchery; Diptera density was 
significantly positively correlated with fish productivity at Fairport Hatchery with the 
strongest correlations occurring within the Fairport lower ponds. Mt. Ayr Hatchery ponds 
had the highest densities of Diptera over the 3 years; Fairport upper ponds had an 
intermediate number of Diptera; Fairport lower ponds had the lowest Diptera density. This 
would indicate that Diptera density is important when numbers of Diptera are low. Once the 
numbers reach a critical mass, the correlation between Diptera density and fish productivity 
disappears. Also, the Mt. Ayr Hatchery ponds and Fairport upper ponds are generally the 
most productive ponds. Even if Diptera populations became low in these ponds, there are 
probably alternative food sources for the fish (e.g. Daphnia spp.). When analyzing 
correlations with nutrient levels and dipteran density, very few patterns were foimd. Reasons 
for the dififerences in Diptera populations are not clear. Further study is needed to understand 
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how to increase Diptera numbers. 
We looked at size and numbers of copepods and Daphnia spp. to develop a model for 
predicting the success of fish production via zooplankton samples. Daphnia spp. size 
showed the clearest pattern in relation to fish productivity. When mean Daphnia spp. size is 
greater than -800 fim during the first 2 weeks of culture, walleye production is low. 
Monitoring of Daphnia spp. mean size over the first two weeks of walleye culture may be a 
good predictor of walleye culture success as long as other problems do not arise, such as the 
problems within the Fairport lower ponds. 
After determining what species of zooplankton are desirable for the culture situation, 
the next step should be to determine if nutrient manipulations can produce more of the 
desired species of zooplankton. We also analyzed nutrients and their relationships with 
zooplankton populations. The nitrogen to phosphorus ratios were negatively correlated with 
copepod and Daphnia spp. biomass and density and positively correlated with Bosmina spp. 
biomass and density. If this is a causal relationship, maintaining low NOsrTP ratios should 
increase Daphnia spp. and copepod biomass while decreasing Bosmina spp. biomass, which 
is a desirable situation in walleye culture. 
Based on our research, Daphnia spp. populations are the most important zooplankton 
group in determining the success of walleye culture. From Chapter 4, it was found that when 
Daphnia spp. numbers where high, fish productivity was increased. This suggests a bottom-
up (producer-controlled) influence of nutrients. From Chapter 7, Daphnia spp. density was 
negatively correlated with the NOsrTP ratio; Daphnia spp. populations may be increased by 
shifting the nutrient ratios to one which gives the Daphnia spp. a competitive advantage over 
other zooplankton groups. On the other hand, Daphnia spp. mean size was negatively 
182 
correlated with fish productivity. This suggests a top-down (consumer-controlled) influence. 
Daphnia spp. mean size was negatively correlated with fish productivity; large-sized 
Daphnia spp. reflect low fish predation. These findings indicate that numbers of prey are 
influenced by bottom-up control, while gross morphology, e.g., Daphnia spp. size, is 
influenced by top-down control. Because of this, fertilization of production ponds should 
reduce intra-specific competition of zooplankton by increasing the forage base. Also, 
fertilization may be a method to shift zooplankton species composition through inter-specific 
competition of zooplankton through creation of nutrient ratios that favor one species over 
another. Morphology of the zooplankton community can be monitored to reflect predation 
pressures. 
Fertilization practices should be conducted on a pond-by-pond basis rather than using 
a recipe and a set amount of fertilization for all ponds. Based on our results, maintaining 
lower NOsTP ratios (i.e. ~7:1 mass ratio) may increase Daphnia spp. and Copepod biomass 
while decreasing Bosmina spp. biomass. This is a desirable zooplankton composition for 
walleye culture, so ultimate fish productivity may be increased. 
However, it has not yet been determined if the N03:TP ratio relationship with 
zooplankton and ultimate fish productivity is causal. Iowa State University personnel will 
conduct scientific studies in future years to test the effects of manipulating the nutrients in 
walleye production ponds. 
Recommendations for Future Research 
This project will be continued in future years. Iowa State University personnel will 
continue to test the hypothesis that by manipulating the NOsrTP ratios, zooplankton 
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populations can be controlled, thus increasing ultimate fish productivity. If the results fail to 
reject this hypothesis, then work should be done to fine-tune the target ratio. Also, if a target 
nutrient ratio is developed, then work should be done to develop target nutrient 
concentrations. The ratios of nutrients may be more important than specific nutrient 
concentrations, however, to refine fertilization management practices target concentrations 
should also be developed. 
Also, for various fish species, there may be different optimal nutrient ratios 
depending on the zooplankton prey requirements. Fish feeding habits of each cultured 
species need to be considered when developing fertilization strategies. Ultimately, the 
fertilizer recommendations may include a changing recommended nutrient ratio and 
concentrations of nutrients as the fish feeding habits change through the culture season. 
If optimum nutrient concentrations and ratios are developed, then economic factors 
must be considered. The magnitude of increase in fish productivity must justify the expense 
of fertilization. Some species of fish may not demand a high enough price to make 
aggressive fertilization management practical. 
To optimize fertilizer additions, future fertilization management needs to be 
developed around a pond-specific plan. Fish culturists would like a "recipe" for fertilization, 
however, any recipe would have to consider pre-fertilization nutrients on a pond-by-pond 
basis. 
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